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mmm 

^OTA^^;^^^^^-^li^§<^5^o^©^^^o-cv^5o€CD>^7 I y 

ASfe(iT>^^yA(iiig?{3BiRNAhLTtt^tg-a-r N JIXV* >At7M& 

kbftlzVXmMty^tWm&fo (ribonucleoprotein complex; RNP) ©Bt 
7°^*fIRNA<M ^©J^fC, mRNAs#ffii#l$M©'7V ARNAlI/W 7 
'J 4 X UT 7* y A ©RNP'sCT-fe > 7' "J £ JBfg-f 5 ^ o fe 7" >5^-tr > X (Dm 
»W6tfeSfc^o cmfcCW ;i/7{ig#©RNA#lM 7— t?£8^Ts RNP« 

t^^^CvOXiEM (nsRNA) 9^;U7ii?g£«omMT'©^Ji5fib 
, DNA7x-X£ftfc&^fc&&£tt^®ffl#&ai (integration)!*^ £&^o 
MtttHNA|PJ±0fflHli*l!li*B«)e)tiTOft^o ±*m 

*^B / §#f,|insRNA7^;b7©4>-e^-fe>^V 7-T^7 (SeV)tZ&g UT * tzo 
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paramyxovirus) CIl> murine parainfluenza virus©— MX Z.(D^4)\/ 
7>&t Y\zm^xmW^i^ta^tmt>fit\^ 0 £tz, yXmnW (Z strain) 

&frm$nz&r), m,m£x&ztf^mmizttLm&<DB&zm%tz>mjgx 

&3 (J. of General Virology (1997) 78,3207-3215) o d©J*tt^^7V7^ 

)\>* ow^mmmmoft* u ^ £ * 5 ^ t u -t & < m v ^ e> ft-c § 

fe 0 -b>y-f «i7^;i/X(i-o©oi>^D-7 , «i^>>'^KT-$)§hemagglutinin- 
neuraninidase(HN) ^fusion protein(F) ■fe^rLTlSilBiaKHS** ^Sfe-n^ 

jgzu a*wta^oHHAji?y^5— gfc»j#7^i/*rDf'f> (rnp) 
w&x #s t rna^ j h smiMfc: $ m t > * c: -c t> 4 )u * omhomw-Rv 

V J AOSI^lia (Bitzer, M. et al., J. Virol. 71(7) :5481-5486, 1997) 

o 

*«IJI3# b it Z ft £ T- {3 s -fe > *V £ -f ^ y A tzttJt&t 3 cDNAfr S> 

LLC-MK2«£T7 RNA # V * =?— tf *3- KfS 7 7 ^-T* 1 ?^ ;U7 £!S 

A£u-K-f 37-7*5 Ki:> *>^^;1/7n©M*>^7M(NPKRNA*'.M 

L)^n-KUT^€.3o©7"-7*5 KhTOH« 

f-yyA©U^W^>^7»^#:(RNPs)^ff^^^ tf^vt"?^** 
7K©fe^Sfc^^;i/7^©T-t:>7';-^^-r§4t)^(3?£t4©$)S( 

> :fflWft^V ARNPs§SMW*5^^HW©Chorioallantoicsac(Cy± 
ALTfc*'j;t>©±i4i£fT -5 (Kato, A. et al. Genes cells 1, 569-579 (1996) 
). 

ft&&*)ihtsZ£ifitot>tiX&t) (J. B.C. (1997) 272, 16578-16584), Z\(D£o 
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^z.\z^y¥4t>4 frxfri^zmm l&k rnp©^? * - 1 Lxcomm(D>& 

t X ^ fe ^ * £ (3 * © «fc a ft I tfffl ©*B£0'J (£ ft V ^ 

£&£©«£## &ft3^**-#«#3ft*o 

s zn&^*-tLxmmL5zfr<Dmt*ft%^tzo 

£1\ flRfliHiiftrt-cB^ans^^^-r^i^suft^Ji^K: 

3" 3 fe MZM f? 4 ©^ >^ O - 79 3 ¥9 9 nvmfc? £ 

ttGFPjte^ wmxa tix ^ s ) D z\ mz «t & * -^rnp©^^^ 

fcSGFP©8£#tfttiJi**lfc. 
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(1) (a)^v WJPt^J )V7,(b')>tiL< i:t-o0x>^D-7^>;^SI 
, £cfctf (b) f£ (-) $H#iiRNAt;:j;D=J-K£ft?K tmMizm&tz* > 

(2) (-) ig-#HRNA#NP* W^ft P*>;^K, ££l>*L* W^fC£& 
5tU F#>;^ft, HN^W^ff, gL<(iM* W^®£fcl£Cft<i>©la#£• 
fc>*^£fg^IL&^^J;?i;&^£i^-<:^^£N (1) \zmm(D&&&, 

(3) (-) l|-*fIRNA*s-fe>^V^^;i/^{3**1--5x (1) *feii(2) die 
f&©lll^ 

(4) (-) |g-#iJiRNAtf, ^e>t^*31€?^=J-h*L-tV^S, (Dfrh (3 

(5) (4) iz$m®w.&fc&£vii?*>mm*^tsm&?mxmm®. 
(7) (5) ^tzit (6) izmmcDMin^mxmmm^mmizmxt^zcm^ 

^ n > - y ^ ^ ^ - v — tr\ & £ i>* v - v m & w £ ^ - k -r -s m e ? © ^ t zm t 

IsZVn^J )ixm N P/C/V M F HN - L 
^^-M^S N P/V M F HN (SH) L 
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^-K'J'W N P/C/V M F H - L 

mTi&rt? K V V 0-< )V7,Pt (Paramyxoviridae) ©l/^to^ ( 
Respirovirus) ll#3£i*ftS-fe >#*-r <W ^©^jUS^HSiE^©? 1 "-*^ 
-*©Z^-fe v va >#-tli, NPite^^-o^TIi M29343, M30202, M30203, 
M30204, M51331, M55565, M69046, X17218, PiUS^^o^TIi M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, X17008, Mitfe^Co^Tte D11446, 
K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056, Fitfi^tC 
o^T(i D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, 
X00152, X0213U HNitfe^ iZOOTtt D26475, M12397, M30202, M30203, M30204, 
M69046, X00586, X02808, X5613K Ljtfi^K WC & D00053, M30202, M30203, 
M30204, M69040, X00587, X58886£#M©£ to 

^l/t7nrO (RNP) S^tM-r^o mfe&m*. ^>«n-79>JV?m 

^j:-5£afc&£ftT^3o ip*k #3i$©RNPt±, (a) /^^v*^*:*© 

(-) £-*£RNA N *s<fctf (b) g (-) 1-WA 
C«t»3 3-H^n5x KRNAt^'f S^>A^^ 

(-) «-*«mi:fg£1-5*w<*Rfcfciu R (-) *-*«HMAi:fi»* 
.tV/SfettHSt^U m (-) §I-«RNAh^^^W1-S^>^^® 
0c^f9o -ttt, ^^VJ-f^C (-) S|-#fJiRNA ($VARNA) 
£«U NP*>M*Sf, P*>^ft £cfcttX* W^K#&££LT^3o C©RNP 
££*ft*HHA#, m©ft^:fcJ;tfl£«©fca&©#lifcfc3 (Lamb, R.A., and D. 
Kolakofsky, 1996, Paramyxoviridae : The viruses and their replication. 
PP.U77-1204. /tj Fields Virology, 3rd edn. Fields, B. N., D. M. Knipe, and 
P. M. Howley et al. (ed.), Raven Press, New York, N. Y.) 0 
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uz, ^^vs-f^ata**-* (-) m-*wm*s*v*ti£m&t%rt 
smt, minx (-) m-*w&Mzztit><D#>rttn (w\ p, aura* w< 

^nfeRNPtiaeiigrt-eJiiiUTite^ ouipa^ttusa-nsm) ©□ 

ft£o ^MeW©^**-!^ $?£L<tt> «l*IT*m£ft (RNP) iz^£ftSRNA 

#*6SB©«£# (RNP) ©E&#£: UTte. ^7 =• * Vf^-Ol/^fcftfcWSCIW 

*?ii-t:&6 0 *»«3<D*t£# (RNP) ©S*hLTiis -b>y-r<M;i/yU:Wc, 
jfr^^;^ >7;ux>if^>f;u^ (SV5X kh^7>f> 

#$gEE©RNPf3^£tl£ (-) m-*^RNAli, $*vf*«W;i>;<0'J>fc< 
(-) fI-*HRNAIi, RNP©7£$Mg&NP* W^ff, P*W^SC> *«fcVL 

^>^^i^it5<tacii^nti^o ^wgEcRNPt^na (-) gi- 

■fe>*W "W^* (Sendai virus; SeV) ©H£, ^©^Mffl^rVA^ 

xii&is.oooJts-^ ^af-^^mit v<Dm\,^)-y-mmizmt*. np(*^ 

***7*:> K)> P (***K M (?h'J vtZ), F (7i-^3» ( HN (^>7 
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l^UK Rlff£ff2l££#Sfc&C&JS£#S NP, P, js&VL&GWt. RNP 

Sttft^o t&fe*>s l iti^>©jte^=j-h*-rsMeM©T^y^iH^j(i, rnp 

(4 flii© tf 4 )i 7s ®mmmB?T*ttm lx%&^ 0 -«ip#i^ $ nnit ^ ©rnp 
np s Ps ^.ttfutfe^assfu mft?s&m£.mifimMtZo 
MmftT-m*nMmz#mmtfi£z>tzMz&, rnpi^£*i5 (-) 

jjg (^^_HjS) £RNP£$Af 32>v *fctt3©aBiat?HNP*f|#5fi£^#SZ: 
fc#-CS3o #0*^ F»fc^£8Sb&l>J;'5£afcg<**i;fe: (-) II-*$IRNA 

fre>m*mffitz>iziz, mmz^x, np, p, *sj;t5L*w<*ir*:ft£F*> 
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B-79>rt9K, ft****;* (VSV) (DWyrttn (VSV-G 

) ^mizztifi-zmo mz.i&m&aft&'yj (vsv) ©g*wi*s ( 

VSV-G) fc«Sf5*HUfiSffl^"t, **W©HHPtl^i*:*Jifi***c:i: 5 

o 

il^ (a)^7$*v**£'Oi/;i05l>&< i:fc-o©x> 

5 (-) ^-^URNASfcJi^CffiffijiSu-K-rS^^^-DNA*, x>^o- 
^/^II«It5« (^)Wi-mm) CiAlt^I^^ (b) S£« 

mtzzttfxgZo ^>7*-mh*%m£-£zm^ np, u fcctvp^wt^jc 

-*»(^r^H) Sfe(i^©ffiHiI (tfi^rS) fcu-Kl/O^ 
tz&blzimz Ll\>m«* (-) «-*«WNASfcli*0ffitt!lH*3- HtSDNA 

snrD^E-^-cTattais^-frN T7 rna eic«t DBHAtteJf** 

So 

■f 3 77** *»Ufcx>/sn-rsaK£&E*S^**--&$>t) c t^ 
NP, P/C* «fc VLS fi ROBS^* * - £ ft h7>X7i^>H>t 
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®?§frztL&±tet>te, ti$#AU:!3, $>%^\±m(Dt>4 jizvmmmfc? 

0l#Ji)o 

RNP £ tz It Z. ft £ ^ t? t> 4 )l 7. £ ft ft (i, d ©RNP £ & £ I' ;u * £ ±IE 

(D^)i^-mmiznmmx Lrtgmtzz. tctt), #spj3©it£-fr£itti-r & 
v - a ft if t ttta^i*: £*fm <* *t HA-r a c: i: & we* Z o Hftft \Z it, 

m*<Dh7>Z7x?i'a>Um i mmT-g?>o 09*1** DOTMA (Boehringer), 
Superfect (QIAGEN #301305), D0TAP, DOPE, DOSPER (Boehringer #1811169) ft 
ifj&W&nSo x> kv-a*t*©#J$?£I» *Dn*>£Jn 
(Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) o 
±Me>£o\z LXfflMiz&^z<7 4frX'<?#-lfiffimztiti&. <!©«£ 

£fc£tzim&&fc*$tst7 4)\'X*r*-zzbizmmtzzt&T~%z 0 z 
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^7 * -DNAtZ Mfi^ £ m A T § if^teU #J X. (£. -b > -f £ -f ;U * ^ * * -DNA 

tttZWMZnXtZZ.hlfitt U> (Journal of Virology, Vol. 67, No. 8, 
1993, p. 4822-4830 ) 0 t>-< frXO&mte* (NI\ P> M, F, HN, £ 

£t>*Liil£^) ©l9Sfctt»5t:#A"rs^fc#-C*.* (£«09#jfB). iiy&©« 

E7!l (fi^||#E*J-^£E9J-lE«ISEai) £fcfct*®S#fc»A-rs. » 

wcioaiw-rs^ii^Tf**. »e^»A©ti^ ££«£^©itu&© 

«SE^J(3«fc»5iS®tdSo «*.tts Hr>^>f •W^fcSVvOk #A&M# 
(-) »A©3' JBtaS^Sif (S^S^-T )WW J A±0»fi : FE«lc**^T 

tfx * 7fjRNA©5' jStziSUi 'f hWfJ A±©J8fe J f EiEt 

0*S*fi<«iitSfe»t{±, mf£*#^ 7$©§&5'<!!iJ, f3fet>"6»4S 
£>f;u;*yy .Mi:fe^TttL»fi^0T»t U#^7ilK£l,>T(iLjilH^©5' 

) t^jte^sffA-rs. **»fi**gJBfc#A« 
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MIB*ttS»it> *W 7 -f ;i/7 S*©RNP£-&#&^tf 7 -f ;i/7 
^**-l±s 0*1/Lf£s Kato, A. etal., 1997, EMBO J. 16: 578-587&tf7u, D. et 
al., 1997, Genes Cells 2: 457-4660ga«£$i;"r N dW&olZLZmmtZZ 

tutmfromwifixoti&tiL t u $ h c-J8fc -fe >^-r 7 ©^to^se^j 
(ek ^se^ij (i) jkwmmwmm (s) (eisbb^j) onK-s'^t 
sfcftc, Kot\mmmmwm®mmmfW*&mun (ek ^be^j (ds 

^•fe^M^SH^y (S) i:@^58a?©-gP©iB^J^^tf7 , 7^T-*ri:b-C> 7 

o 

0| *. tt* 7*7- Kdl^DNABH^Ji^ NotI tc «fc 5 tiO Wr ^fiSiE-T S fc to t: 5'{IJ 
£ffig® 2 W±©7 ^brT^K IX (iGCGs KC0NotI&i»&ffiS*0K?!l 
#£$ftfc^4Jiak IX&ACTT) *©3'«IHNotIBtttfiUfi[ 

gcggccgcfcttfiDU $ e>(3^©3'#JH7^— b--S?!li:UTffiit©9ffiSSfett 
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9 c 6 (D{%mzmz.tcm<DmmzttM u £ e> ic*©y«tBfa©cwiA©iiJ63 

K>ATGfr£<Ift£^#)T0RF©ift2 5 J§S*l^©gE?iJ£ttin Lfcff^h t5. ft 
&©i£g(*G£ fettCfcfc -5 «fc o URmSOcDKA^ e>^J 2 5 LT 7*9 
- KfltefB* U ^DNA©3 5 ©*«lfc"r*C U^o 

'J ^'-^ilJ^DNASB^JIiS'fffil^ Affile© 2 W±©7 7 l/tff- K ($?£ t < li 
GCG, GCC©NotIMMfi*©E?U*^$n^^ 4 Jfl& * t < liACTT) 

^©yflltNotlBiiaJffigcggccgcftM-JlDUx £ *>£*©3' £ 
mffitZtz#)<DmXmfr<D-tV2mk*ttlJQt2>o £©*>J:JDNA©M£Bu NotI 

&%tZ>*>VJ *)4 )W>fJ A©E I S&gii?y©£fr#6©fg$t;&S<fc? 
fciggR&lSff-rs (i^fc»0>S r6©;i/-;i/ (rule of six)j ; Kolakofski, D. et 
al., J. Virol. 72:891-899, 1998) 0 £ &fc*MJWt©3 , «fc:-te>* , -r 9-f 
©SE*J©ffi*MMB5!K #£b<li5'-CTTTCACCCT-3\ I BfiMk fflKttS'- 
AAG-3' \ E E?!l©fflSi£E7!K » £ L < tt5' -nTTTCTTACTACGG-3' , £ £ C -?©3' 
«CBfa©cDHAEW©»Jfi=i K><P6»t3»iLT»2 5iMffli!§©*BJit8t©£& 
©8U£#G £ fcli C fc & S <fc 5 £MtR LTBE?iJ£ttSQ U U M-XflO^ 
^'J^DNA©3'©^ht5o 

PCRtt, mZ&. ExTaqtfU^— t? (56 ©3§) £&#©;£&£# ^ £ £ 

£#T-§£o #3:L<fiVent#!M7-Hf (NEB) £ffl^TfrV\ ilUfeiWW 
#{iNotIT*$tfhb£&s 7?^? K^7^-pBluescript©NotIM(3jfA-ri)o 
f#e,nfcPCR»©^SE^J^^-7x>-y--e0^L,IEL^E^J©7-77 5 K 

TZkmtZ?; AcDNA^^tf7-7^ 5 K©NotIg|5{4{3^D-^>y-rS 0 £fc 
7*^^ ^ K^7^-pBluescript^^^1 i (CNotIgPfe^S^|iALsm^x.-fe>^ 
^9^l/*cDNA£f#3££fcnrtET-&3o 
9 ^7 y 7 A 4 ^ - K 1" 5 ^ 7 * -DNA&s 3 ft &&«t&rt £ 
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r>-r ;u^cdl. P N NP*>;1*ff£«fct> > RNP£H#ffiK£-g\ C©RNP£^ 
t? £ ^ ;i/ * ^ 7 * - * £S£ £ -5 «! t ifi X £ o * 7 £ -DNA*>£> <D «7 1 )l * ©H 

mm*. ^y^u-7t>n>7wit%Mtz>n®.*m^x, ^oismz^x 

fioZttfX'ZZ 97/16539^; 0^^97/16538^; Durbin, A.P. et 

al., 1997, Virology 235: 323-332; Whelan, S.P. etal., 1995, Proc. Natl. Acad. 
Sci. USA 92: 8388-8392; Schnell. M.J. et al., 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, N.D. et al., Proc. 
Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 
6087-6094; Kato, A. et al., 1996, Genes Cells 1: 569-579; Baron, M.D. and 
Barrett, T., 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R.M., 
1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404) o £^ *-DNA£ 

&v>t> m&^s hnj1€^ x &£v/£tzizmB?*>K&$'£tzm'&£i±, *<d 

wse©'>^^^lls^#t^^}$oDNA^^tf^t^^^?.*^(H)gw©«M 
®tLx\$, m%(DV7y7.7*ti'3>wMtmmx%%o mz.\z, dotma 

(BoehringerK Superfect (QIAGEN #301305). D0TAP, DOPE, DOSPER (Boehringer 

#1811169) tn¥i$m-jt>tiz>o ®tLx\zmz.\z'v>WLi])\'i't>Lzm^tzY7 
7 x $ a >m&mf t>n,z\ (Dxmz «t o xmmmz a o feDNAii^^as 

lZJ&*)&£tLZi)K mftlzb+frtiim(DMh&A2>Z\t&Klt>tiX^Z> (Graham, 
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F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223) 0 Chen£«fctfOkayamafci: h v T-tmomMib* 
IfcltfU 1) MM^&ttmno^ 2-4% C0 2 , 35 6 C S 15 

~24u#p^ 2) MMzmmvtxbmvxDbcDtfft&tfMi, 3) tt,m&m*(Dwm 

20-30 jug/n\<Dt%mM&ifcf$tfmt>tlZ)£m%\sT^% (Chen, C. and 
Okayama, H., 1987, Mol. Cell. Biol. 7: 2745) c ©(DfimZ, b 7 > 

^7x^^>3 >tziibT^5o £ < liDEAE-x** r^> (Sigma #D-9885 M.W. 5 
xlO 5 ) M^mS©DNA«l:bT*illMts h ^ >7 7 x 7 ^> 3 yfrfioli&W 

^&£fc&£7DD*>£;!jD;L£;i<hfcT-§S (Calos, M.P., 1983, Proc. Natl. 
Acad. Sci. USA 80: 3015) o ®(Djjmtm%mimtmttl 

mm, dna^, mm^omm^yx^t^nx^^o 

>UWM LX V^So ffjittt Superfect Transfection Ragent (QIAGEN, Cat No. 
301305), Sfett D0SPER Liposomal Transfection Reagent (Boehringer Mannheim, 
Cat No. 1811169) tfffll^ns. 
cDNAfr e> ©SfltfiJtttRftW t fct&CD «fc o \Z LXfi a d t #T* £ 5 □ 
24ft £ 6 ftHJg ©7*7 7?-y77b-h3;£: J±100mm^ h 'J JDLtT > 10% <i? i/ 
m%MM (KS)j$&V<m&®n (100 units/ml ^-is 'J >G^3«fc^l00^g/ml 7 h 
urv T-f ^>>) £^tf*'>i>3fJg«j (MEM)*ffl^r^;uWli**«Bliat*LLC-MK2 
*70~80%3>7;ux>hK&*$-Cig*U 08 l^g/ml psoralen (V7l/ 

» uvBB*fM^2o^ar*^^bLfe, t7#d ^ 7— e *«s-ra«ji 

X.177 v-T^-T;i/7vTF7-3 (Fuerst, T.R. etal., Proc. Natl. Acad. Sci. USA 
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83: 8122-8126,1986, Kato, A. etal., Genes Cells 1: 569-579, 1996) §2 PFU/ 

mmmm'&, 2~6o>ug, e fctJ»tt<(i3-5>ag©±i3©m^^-b>^ 

<7>Ol/*cDNA£, 4 »7-f ^y^0»ifi&b7>^C^fflt 

)lZ9>/i#K*%&tZ77ZZ K (24-0.5Ag©pGEM-Ns 12-0.25#g 
©pGEM-P, i5«tt^24-0.5//g©pGEM-L, «fc 0 $? * L < lil#g©pGEM-Ik 0.5,ag© 
pGEM-P N ££tHA£g©pGEM-L) (Kato, A. et al., Genes Cells 1: 569-579,1996 
) fc£CSuperfect (QIAGENtt) §ffl^^7i^^3>W<t!3 h^>77 
i^>>3>t5o h^>77x7'>3 >£fTofc«fciu jWUKJ; D100//g/ml 
©D7T>fc*:>> (Sigma) &T>^> h ^>>7^ fcV h* (AraC) s «fc»)*?£b<Ji 
40/zg/ml©*> h i^>77 fcV > K (AraC) (Sigma) ©#£^tflfilii^©MEMT*i& 

*U 7^'>-T'>-f;i/^k:«fcSIIJIS«tt** / J>t3i:^ <^;U7©H]JK^£ 
g*t-rs«t-5tllSiJ©SJSaje&l9!^1-S(Kato, A. etal., 1996, Genes Cells 
1: 569-579) 0 h v >7 7 x 7 i/B >fr e>48~72B#P^*I£i£*&s MfcHJiRU 
8MSW!l*3IiIli»)«bT»IB*«[fff ! t&^ x>^o-7^W^I^St 
£LLC-MK2«IJ6£ h7>^7i^>3> LTt£*T 3 ~ 7 B 

M^^-r§LLC-MK2«t3 h7>*7x?^3>-r5*\£fcfcJ:x>^n-7*|6 

LLC-MK2W(;M^ LTig#-T § C £ (3 «fc oT £ ;i/7^7 * -fcfllH-f S 3 J: 

%ffl%.t%Zk.iZ&*)&%.t2>Zbii i ~CgZ>o HAIi r e ndo-point (Kato, 
A. etal., 1996, Genes Cells 1: 569-579) IZ £ *)&£-f£C ttfZ' t So f#£ 

nfe £ -r ;u7 7 h * 7 {i-80 o CT-{$£ * s z t #t- § 5 0 
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&UZ&^Z\t, 1t;HI**©CV-IlBII!a^LLC-MK2lffllR ^A**-l»S*©BHBa 

x > * d - & %m t a ^ f? 9 - 1 mz ±13© mz.fr *> n £ num $ & 
*m^z^j )\<7.^*-*&m.t%zt$>vimz%>z>o mwz&^tztj 

^**-©Si6aattRCIMB3*iT^3 (*B&lH,(1993), r#Hf4¥Sm© 
fl5J»tt«:rn h=J-;HII, fl^tt««fi£«¥j , ff£*±, *R, pp.153-172 
)o UttttKJi, m?U£, S»5P*««StAft9~12BH 37~38 0 CT**g« U E 

(3«fct)'£fc!3f#£o *©8L ^-f ;^*^«IRR«E*IsIJR-r5o lg«^^© 
^^^^^^^^^-©^SI-^iS^^^TfT^Cl^^T-t-S (EH ft 

pp. 68-73, ( 1995 )) 0 

^yA±^iuv>5x>^o- rae-f -5 2 «©rnp«£# * m 

&#.frt><D%mz£?)® : &t?tlZ>tzl>b, 5^tHliLJfcoT«**©*Se^f ;i/ 

a^^fc(i^nw±©*^©RNP^ft^fe{±^n*^tf^'r;i'X^^^-^ 
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^u—rmfctttRWLLZ^U^^fr^z&^yj AIM < * »K ft 

&£cfc?£j!jD;u 'ft£^iST-10~15#MU ^©±M^£10~40%>'3*f£j 
E©±l:lil. 20,000~30,000rpnn:30#;§/hU RNP£^t?H#£[I]lK-r3o 
^;i/*£0.6% NP40, ^©^^^r^n-^^h U^A, 1MKC1 
, lOmM /3-^jl/]b7hx^y-;w lOmM Tris HCl (pH7.4), 5mM EDTA (MJg) 
izfefrto 20°CT:20#;&«U 11,000 xg-e20^^3S^-T So RNP£^t?±*l^£ 
50%^*U-tro-;K 0.2% NP40, 30mM NaCK lOmM Tris HCU ImM EDTA IZWlM L 
s 39,000rmp, 2B#F^ 4^T-^fr LTM^SiK-f So MK^tlSRNP^i* 
0.5% Triton X-100 £^tn£$l3ffg#lfc£-l*\ 10~40%^a!|££}iE£mJi 
U 20,000-30,000 rpm^ 30#JSi|>U RNP£^t?J£-©^> K£@J&-f3 CI t 

\z£t)m&izmmtz>zt&niffeT*$)Z>o 
*mw(Dm&mz. mz.\z£m&i&7k j pv >mmm^m^7k (pbs) k^x-m 

mz&^zizmmmz'at$zt<bZ'%z>o ^%mo^w^Mtummz\t 



o 
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*7-#>ttJIBK£fc^ Mz.im&m&® ¥5-508626^£*S^t:Hft5$; (I 

DOGS (Transfectam™) SfeliDOTMA (Lipofectin™) (5?x— r;i/fls<£») 

DOTAP (i/^ZTMh-S®) 

DOPE (^^H';i/7f;^7 7'5 L ^^x^y-;i/7 7 ^ >) 

DOPC (^l/^i^7 7f^ij» 

DPRI n— fe*>^-;i/M@^ (RI) (dL-2,3-VZrTU>( )\,**i/7uV)l ( 
S^^lO /?-b Kndpi/i^^^byV^E-^A (Sigma) ©S^WS h-OWb 

DORI |^±©^*U-f 
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mm (ex vivo) «4£J;3ae?»S©^m®£ISfc:«fcoT4K 

BauRfcBft-e s afl^atfc?* t < i±B#©tf;rtT?ttB#*jE tr ^ s 

5" > LTflffl t £ Z t W"€ % % o 

i±DciiBiia«:ir©mMti^« (apo t^^jK^s^-rsae^siB^-e-scifc 

#T*£6o d©cta*jte?i:btl±, JgffiM Muc-l gsfett Muc-l*££?->*> 
rA'Jt-h^F (*H#fF^ 5,744, 144^), gplOOtitM^ 
W=>2i3o ^©«fc-5*:Jie-?t<t*?&*l±N ILBx &BBs BBBn mj^HS 

jM >«&ffi^to^Siii:*)*«i"r*SoC:©«t-5&*e : FiibTttx««^« i 
) IL-2£-#BIL-12 t<Dffl.fr£t)-£ (Proc. Natl. Acad. Sci. USA 96 (15): 
8591-8596, 1999), ii) 1L-2Z4 >*-7 xn y-y (#B#f*F2! 5,798, 100^) 
s iii) #a-efflV^n5Btt«3n--JM«H J F (GM-CSF), iv) HBB&ftB 
n^LhLtz GM-CSF i: IL-4 ©B^t)* (J. Neurosurgery 90 (6), 1115-1124 
(1999)) ft*. 

>^D-7\ B*B^C*J^TIix«l^<ix>^D-7'^^ 7 (Vaccine, vol. 17, 
No. 15-16, 1869-1882 (1999)). x>f Xt*V»TI4, 0!l*.«HIVgag3:fctt SIVgag 
*>A°*H (J. Immunology (2000) vol. 164, 4968-4978), HIVx>^n-7** >Ji 
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4 (Kaneko, H. et al., Virology 267: 8-16 (2000)K V^lz&^Zlt, m*. 
\£u\sy%M<D%y"73-—v h (CTB) (ArakawaT, etal., Nature Biotechnology 
(1998) 16(10): 934-8, ArakawaT, etal., Nature Biotechnology (1998) 16(3): 
292-7), SEiftHC^THu 4 KZOm* > At (Lodmell DL et 

al., 1998, Nature Medicine 4(8): 949-52), ^SjiKii^Tlix th/^D- 
)lxm<Di37'i'\!9>AtU (J. Med. Virol, 60, 200-204 (2000)) & 

ij^JfC^T, -T U VWfJt©^^ KoaajPffbilTt^* (Coon, B. et 

al., J. Clin. Invest., 1999, 104(2) :189-94) 0 

h itfOSI^filf & £ oflj¥$S3fe££ «fc t) tfCSeV-Fiaft <b it 3 

£ft¥#T Lfeigm^^tiar-fei.ot»TLSeV-Fia«:^fflV^TLLC-MK2/F7©7 o -1M h 

c j: d mm ifcss^tim* So 

El 4 li, lliffit; SHN®^S^^M©«M^©MlimT*iiiE b 

0 5 lis ^^>/^M^SW$ffl^T^^S^'i';i/^©IlIiR ; felS^fc^ 

^-IMB**» ©Fg < * v h * 7 b fc d J: « b fco 

1. LLC-MK2* ^^CV-llifn^tlOttftC^Cillg? -i -fe — h SJITo 
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2. LLC-MK2/F+adi5«ty c CV-l/F+ad(±Tx>' 7^ ^XAxCANCrefciD;! fc^ft^ft© 

3. LLC-ffi2/F-ad^J:t>XV-l/F-adli7xy ^^^^AxCANCre&iJDxTO^V^n 

4. LLC-MK2/F+ad 3rdli75V ;i/7AxCANCreT*ii^3SLfc$IIIS££ 3 

5. ldi5«tU f 3dl±^n^tLg|^|g^lB43«fct>*3 S^Jg-To 

6. Vacld^ctt^Vac 3d(i-?tl-?ii , 7 ^ T 7 -f ;U7«& 1 <fctf 3 SOi 

mis*. 

7. AraCldi5J:t>*AraC3dli^n-?nAraC$:»tT 1 B£cfct>*3 B©«£?i-T 

o 

8. CHX ld^cfc^CHX 3dtt*ft*ftSa£j«IM»JiM*n's*S/5 h"«flDU 
T 1 B£«fctf3 BOM^fc 

0 6 Jis GFP#AF^£SeV cDNA(pSeV18* /AF-GFP)^F^SLLC-MK2^ffligH h 

SoM^i: LTFjH5^^NP«e^©3 , *Sgfc^^7;PUs F&&g&ffi£GFP£# 
AtfcSeV cDNA(F*>+7;H!SeV)*/Bl*fco r allj &SeV cDNA©fl&C> NP,P,Ufi 
fcttftfttZr^XXY (pGEM/NP, pGEM/P, SWEM/L) fcPB#£ h 5 >7 7 
x^^3>Lfe^O$Ifcto r cDNAj iicDNA (pSeV18*/AF-GFP) ©#©bv> 
;7j^3> *mt>to RNP h 5 >7 7 x 7 $/ s >liGFP£$83i LT^-SPOIfflflS 

OptiMEM (GIBCO BRL)H85«U (10 7 M/mlK M»3@< 
Lfc^>f -tr- M00 < al^*5 : -^>t4U^V-AD0SPER(-<- , J>*"-v^ WW 

A) 25#lfciS£U ^SC153TOfiLTrt>^ F^SIi^W (+ad) 
, RNPhv>77x7^3>£ffofc 0 «jeffl»M»kUTCre DNA'J 3 > 
t^MtSIMTry^'f ;i>*INRin (-ad)ifflfl&£fflMfco *©1B*n P0© 
LLC-M2«^(iGFPIiSeV7^;i'7RNP©ffMt'K#^(C^1-SCi:A^JB^bs 
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*tz&m*7jktW-n-e&Zo RNP/ol4RNP£fiJl (overlay) Lfc«£J§U RNP/t 
I4RNP £ transf ect ion L fe « * Jl 1" . 

Ffg^ilgi:F^3iailllSt|5l^t3Mb> r U 7^ IM§FffiT-C 3 BF^Jg 

in 9 14, mmm®£m\LtzMGiz®mmzfx&t?j)\<zv%%±^WL& 
, %m±mz®$Lvtz 0 z<Dmm±mzmm,MM<D%MzMz.mmz^, 3b@ 

#«fc*#«T-C 3 BIB«#bfcoTSJ4F*»aililSa)±»(0»^a)ISJII«:^"r 

o 

01 0f4, F^cDNA*»5>llllR$nfety*>©^y'/»«lii*fllB-r5fe«>sF 
»aHI6©«*±»*0 , >'f^^*IalJRU total RNA£fft£iiLT, F^HN£7n 

Ml 114, 6FP©«fe^{4cDNA©««0lSi:TOOFCD^5fel»ffit#ffitSC:fc 
S^tET-PCRCfSS^^-r^H-rfeSo 1 : +18-NP, +18 Not I+K b©#£©fit 
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e. 2:m-gfp, m&fc¥wm&*!fim&mz&iEtzzbL<Dmmo z-.mm* 

^ Ffc£?0#£0ttBo »£S!SeVi:Ffc«GFP$BS&SeV0>7V A*36£±(3^b& 

0 GFPjtfi^tfF^SM^SU W03'5tf8KM8S#CDNotIiM h#fctK F 

HI 2 > ^^^^©F^HNt^^WtSJS&l-S^UD-f K IS £ 

1 g G ( an t i F , an t i HN ) £ m V > fc fcg ft R t - «fc D 81 ^ fc ISA * * "T ¥ M X $> 3 . * -Y ; p 

B b feRT-PCR©i^m * ^ "T EIT* & Z 0 
H14l±, F&fc«W;i/**i : ?£ft«t;:J;!K ^©^Ji*W^fe|g*&^f¥ 

fcafca^^awMtetfb-t^fc. 

01 5(i, F^USeV^ in vitroT"©^^m-s©^'«3te 

HI 6 it. Ti>^«|ft#IHHJB (BMc-kit+/-) ^©FfcfcSSeV'^^-OSA 

(iPEHtt/GFP«^}|-ro 
017&, in vivo S#©^I*^t?It^S 0 

118ltF ftSUMBfr ^HH&bfc F ^USeV ■> >f *%tsi%m±m £ F 

O'f ;b^®#?£*HA assayT?flgBbfc8JR£^*^JI*C&So 

HI 9i±s Ml 8Bt*^t«l!f»WT?HAHH47f»ofei||R«[(lane llfcitf 
lane 12) &«W»«£H&«bTJg#2B&©&R«0HA assay£frofc|g££ 

0 2 0»±* MIWtT?iBS!itt*&v^-f;u^«*ft«ftBl"T?||^fc|g**^-r? 
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Z fit* "T ttSJtS L & * -3 fe o 

EI 2 214, F, HN±fc^«©5tfi!c^7x^^>7D^ 
"T WCfc So LLC/VacT7/pGEM/FHN(4LLC-MK2ifflflS iZ 9 7 S/=7*Bfef^ pGEM/FHN 
^7>77i^yH>Wdio LLC/VacT7l47 7^-X!ii§&U7c 
LLC-MK2JjJBJSo LLCMK2/FHNiixl4 F, H NM{5^#A2ft£LLC-MK2|fflI!S-e 7 □ -- 
>7*tT^&V^ISo LLC/FHNttLLC-MK2«BJiatF. HNSHk^^ALTTtV 
;i>*-C$B3ESMI&(3B&) ©», 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4- 
3, 5-9ti*n->^Ufcfcg©iMll&#®« (Shu) feffif. 

02 314, pGEM/FHN©^iJ0©W»IO3iV^3J;5^>f ^©MSr^lf;^ 
Zmfmn-CtiZo FHN^ftGFP^^SeV cDNA, pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN 

AraC, h 'J 7S/ > A 0 ©MEMd^^ U 3 e> C 3 B R|Jg* Ufco 2 B 

B?£&£#H«li-C«*U pGEM/FHN©M©WUR©a^^^EL, GFPSSSUffl 

te<D&&b?t?>(frx<DBi$.&mmLtzo *©is**35%-ro ssiii^{cpgem/fhn 

£M U&»£14GFPfcSIMS©j£# (J A«fllE:*nxpGEM/FHN©iSIJn#«cV^»^l4 
GFP&3EI4 > 7*;U«T" L fr^ll $ n & o fe 

112 4(4, RNPh7>77xy^a>C«fc5F, HN^S ;i/7©ff Chilli 
^tflT-fe^o »IS«ft3Q§(9F HN±t|g3l« (12well) KPO RNP£S 
Jf ££(4D0SPER£ffl^TU#7x^>3>U 4 B&KGFP&BIK Ltzo RNP h 7 
>X7x^> 3 >©*§&I4F^« i: |BJ^tPl©FHN^Mi!ST- 9 ^ ;i/7 ©UKUfifc 
ttUfe(±) 0 Ade/Cre&^LT6^W^(3FHN^e^il^31$tLfe«lCFHN 
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0 2 5tt> m%.MW?*%Mt2>cmkipt>H®m$titz'5'( ;u^^liLLC-MK2, 
LLC-MK2/F, LLC-MK2/HN, LLC-MK2/FHNt^bt h 'J 7^>O^Dfl)tit^l 

02 7li, FHN^«'j7-i';i'^-e^l,fcF^»©ig«±?iS*RNAcD 

03 V7l/> •UVHS^bfc7^^-T^^;i/^©JaHM^I4 (CPE) £^ 
f?It^5o 3xl0 5 ©LLC-MK2«^6^i;i/7"l/- htlf^fc. HE £ -IMS 

7^>-7^;i/*£moi=2T*&&£#fco 24KfS^ CPE£«l£Lfco {ft 
jaSO^^^-T^^^^tctSCPEJiA^ 15, 20, £ «fc tf30&n4!L3 1 9 * 

03iit 7?*/-TVj)iz(D\Nmmtt®®*>yjvj)\>znmm%}mz 

o 

03 4(i^VSV-G^ft£ffl^£:7D-1M M h 'J-ffiCgl^tltfe 
So AxCANCre^4B§©LLC-MK2 VSV-GSI#^» (LI) (moi=0, 2.5, 5) ©8? 
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ffis*ft^t«' -»ift#ttttvsv-Gttft (MoAbi-i), -&ttmmmt st^x 

Ig£ffll^fco 

03 5 AxCANCre ©«S (MOI=0, 1.2 5, 2.5, 5, 10)^i 
B @©GFP ©^UT^^m^H^UfeiSgm^^-r¥*T"fei)o 

03 7 (i, vsv-g mmmzm^xm *>ntz¥ mfc?z%.£LtzVJ2±z%tz 

03 8f£, GFPiHS^£^t?F, HN^£M-fe>^^;U*£ VSV-GjUe^S 
«LLCG-LH;^£-t*\ VSV-G£ft$E£Wr5:xa.- h** -f MClSi) 5 

03 9li, VSV-G mfc?%MMMX~mmLtz'y4 F££tf HN ^st? 

04 0ii, m^«^TT:GFP^«&^bfe^^^^«T^So 

¥-w?(Dmmm®m®fa±Z7iitmz'&z>o po mrim) ©d3~d4 ( 3 b 4 a 
g) iz&^z, mt^&wmmbhtzo 

04 2(i, x>^d-7-^7-v^^ Kfc«HllS»B©*l^&fctffc £3SeV/A 
F-GFP©S^©M^©^^^^1-0T-fe^>o GFPHt$«(iff^^tl 

T-fe5.x>^D- ^^7-7 ^ ^ K ^ MM (DmfrS !:J:5 SeV/ A F-GFP 
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E4 4fcL GFP£^£&^LacZJS« F >#WW *-©lacZ 

04 5ii, -b>**^ *7 4)WfJ AcDNA^r>t©1ty^D-->^ (A) fc*ffcC 

Notiit^r v*m\\sMWi\,tzmm<D*>yjt>j)\'xy;h<Mk<Dnm. (b) * 

B46tt. SEAPHNotI-9-Y K muftis tti9EE5!U (55¥»IS^^^ 

04 7tt % ^^;i/X^^^-©77-^7yt'fOif^^tfI 
T**)So LAS1000^fl5lt)^e7 , 7-^7'y-b'f ©^3tiilfetD-aJ*^-ro 

04 8 lis =&-b>^'f ttJ )lZU7*-mz#ttZ\'X-#-T&B : ?- (SEAP) 
CD«M0S^*Jt«tLfcfe**^"r0-efeSo SeV18+/SEAPGDx-*£100£L 

14 9lt PI FHN±t^MHa^*WSGFP^&^t^^^t-feSo 
05Olt VSV-G>>i-F^-f rSeV/AF:GFP«M©amM*^ ^FJa^ ( 
anti-FK OTiftft (anti-HN), ft-fe >^>T VJfrZlfifc (anti-SeV) fcffl^T^ 

fcVSV-G^a- 7 , SeV*jBffe*-frfclBIJ!a©GFP©^*^t3?X"C*)So 
&&Lfc4V A£W-f -SVSV-G^- h*^-f rtV^^-f^O^i^^XS 

05 3tt, F»e^^^Mbfc^^AS^-rS-fe>^'i7^^> &3l^fiF» 
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0 5 5tt, NGF|gS&&8LfcFfcfcg-fe>*'>f (NGF/SeV/AF) ©J83£ 

0 5 6Ji, NGF««F^*SSeV«»!«BJiaJ:!)fg3S^iiSNGF0?Si4*^-r0-C* 

««!«yS©««±»#«5** l \(i 3>hn-;^U ©NGFM e * tSAD L s 3 0 & 
h3>KUrCJ;*a7cStt%jSlili:L"r4l»iaft^«Lfe (n=3) 0 £*± 
?i(il/1000#IRtB^M«bfec 
05 7tt, NGF^F^^SSeV»MJ;D^3i^nSNGF(DrS^^^-r«T- 

jfiSS«llia©«il±»#W««^fi=i> ho-;i/i:bT©NGFaa4«iiDU 3 

A) 3>hD-;P (NGFiBiDftLK 

B) NGFMdlOng/mLtt, 

C) NGF/SeV«HHBS^«±?fl/100#|R^iP, 

d ) M?/sevm%kMM%m±m/m%%imto, 

E) NGF/SeV/AF«iiiS^#±?il/100#|RW N 

F ) NGF/SeV/ AF-GFP^iM£#±^/100#$^;(JD 

05 814, Ad-Cre©noi£FgS©$6Sfi£*-r«-C&So 

0 5 9tt N Adeno-CreH«fcSLLC-MK2/F©fg3S*^-r3?H^S)So 
06O&, 8Hfttc«fcS^©«p^*^1-¥St?&So 

06 Hi, fcftfcJ:5Fffe©»:£flj£^f^H"efc*o 

0 6 2ii, GFP-CIU^SeV-CIU£©ffill§l&£^t0-£&£o 

M^g||3l5fe^©g^©Ml 
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<1> F^^SeV^y AcDNA^ctOT^S^^^ YtoW* 

tyt'J )17> (SeV) ^S^VAcDNA, pSeV18 + b(+) (Hasan, M. K. et al. , 
1997, J. General Virology 78: 2813-2820) (rpSeVW b( + )j & r pSeV18*j £ 
i>\,^o) ©cDNA§SphI/KpnI-e^<bLT7^^p<> h(14673bp)£[s]lK U PUC18 

puci8/Ks±T-tTofco mfc?(D%.m&, pcr-v-1' y-^a yn&mm&t)^-?: 

LTF?H£^©0RF (ATG-TGA=1698bp) £Rfc^Tatgcatgccggcagatga 
imm^ : 1) "CaaStx F^^MSeV^ y AcDNA (pSeV18*/AF) «lfc 
0 PCRIi s F©±^(C(± (forward: 5' -gttgagtactgcaagagc/K?!J#-5f: 2, reverse: 
5' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/ffi^JS^- : 3 X FiUH^PCT 
$E£& (forward: 5' -atgcatgccggcagatga/IE #J # : 4, reverse: 5'- 
tgggtgaatgagagaatcagc/SE^!J#-§- : 5) ©PCRjStl£EcoT22I-e;g;f£ tfco 
9{3f#^nfe7*7^^ K^SacIi:SalI-e^{bUTsF^aM^^tr^cD»T>t ( 
4931bp) LTpUC18(;i U pUC18/dFSSi: Lfco C©pUC18/dFSS 

£DraIHT*$HbLT, KrJtfcEliK LTpSeV18WM£?£^tf^i$©DraIII»rtf- 
ilg^^x.^ 7^-i/a>bt7-77; KpSeVIS* /AF £f#£o 

F^£^fttEGFP«£^£lfilL£cDNA ( P SeV18VAF-GFP) ZMmt 
Ztz&bsVmz £ r>,EGFPjte^©i|$l£ff o£ 0 EGFPjtfi^£ 6 ©^(Hausmann, 
S. et al., RNA 2, 1033-1045 (1996)) 5' JiNsiI-taild7' - 7 -Y "7 

-(5'-atgcatatggtgatgcggttttggcagtac : EflIM : 6 )> 3' liNgoMIV-tailedT" 
7^ v-(5'-Tgccggctattattacttgtacagctcgtc : IB?iJ#-«f : 7 )£ffl^TPCR£*T 

■otzo Kmyn*®mmmKs\\ £NgoMiv^^bUT^>fr*>»rfr£[iii&u 

P UC18/dFSS©F^&M(3&3NsiI hNgoMIV^^^^JPS^Mir^igt^ v- 
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>7*>Z*mmLtzo ZZfribs EGFPitfe^^^tfDraIII»rn-&Il]lRt> pSeV18 4 
P SeV18VAF-GFP £f#£ 0 

^PCRT-lfiliU^ ^->r>ZZmmLtz'&s Cre DNA'jzi >t*^— t?£ J: !9 MB? 
m®Zmm%m£hZ> £5lzmf£tltz77 Z I K pCALNdlw(Arai £ J. 
Virology72,l998,plll5-U21)©a--^-b-^ h SwalSMftfcffAU 
pCALNdLw/F £ Lfco 

<2> SeV-F«a*»IMBat5^W^-IMa©f^« 

^-«aj&» t fe o«JiaJ±SeV0ji»[ £ ± < ffl V * t> tlX V ^ 3 * > * - WHS * 
LLC-MK2«Bia&ffl^fco LLC-MK2«(i, l0%<DMBML1Z*mfoti'to 
JJ&Jfoi*(FBSK ^-^>»J>G^h'J^A 50#(t/iK M/7bT^fi/> 50 

//g/ml£?i;!jDLfcMEMT-37 0 Cs 5% C0 2 T?£#l/fco SeV-F«fi^m«5ttlBI!a*Stt 
SltJfe^ Cre DNAUn>t*^— t?fc«fc bF*fc?j^£&#385i£ft£<fc-5 
t|§W^tlfc±lBr^^ * KpCALHdLw/F*. 'J >J&j] (mammalian 
transfection kit (Stratagene)) 0 N ?®7d hu-;i/^^oTLLC-MK2 8H 

lOon^U- h£ffll,\ 40%^>7;i/oi> hST^Wb^LLC-MK2«tZlO//g© 
r*pCALNdLw/F£a»A&s lOmlCDIOX FBSfc^frMEMtgifttdT, 37°C© 5 % 
C0 2 -f >*a^-^-(t»tf24«p|IB««Ufeo 24fSlg&£aBIIS£tt#U lOalgife 
10cnr> + -b5ft£flH\ 5ml lft, 2ml 2ft, 0.2ml 2#Cf§£* G418 
(GIBCO-BRL)S1200//g/ml^^tflOml©10%FBS^^tfMEM^«fe(3T^#$ : fT^, 2 

RfcJttC «fc D^WLT§fcG418{ziJtt^^-rW(i^n-r:>^u>^^fflv^-t 
30ft£[!lfcUfco ^^□->(il0cm7'b- h-?rD>7;i/ai> Ml 
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&*o->Co^TCre DNAV □ > tf ±— fe* ft»3»-r »Ui7r^ -f )V 
^AxCAHCreTfjejfta, JaSeV-FfiiaK* ^ ^D-^-;Hg6 (f236, J. Biochem. 123: 
1064-1072) £ffll^TSeV-Fga©383i££x;**>:7 r ny r8£<fc t> ttT©«t 0 

^^D->li6cm^^-HCT3>7;i/x> h Jf4W^-frfc^7r; S-Ol/ 
XAxCANCre£^f (Saito et al., Nucl. Acids Res. 23: 3816-3821 

(1995); Arai, T.et al., J Virol 72, 1115-1121 (1998)) moi=3 

3BIH«*Ufeo R»llBliiS*±i**fc9»^&^ PBS«««7? 2 0^ L 

«lil50/zl PBS^*y 7 |!Jft©2xTris-SDS-BME sample loading 

buffer (0.625MTris, pH 6.8, 5%SDS, 25% 2-ME, 50% glycerol, 0.025%BPB, Owl 

«:«) 98°c zftmmmmm%m.mmmmz.fcLtzo mmn (iu- 
>lfet)ixio 5 «) £Sds-*ut^ u;i/T5; (v;u^^;no/20 s »- 

h$££ <t DPVDFfe^JH (Immobilon-P transfer membranes, MilliporeftlO (C|g 

^tfco fe¥ttioo% ^^y-;i/t30#, zM;:30#ig§Lfc*K¥J&£teJ8U 

lmA/cm 2 ^««EO*#f ll^iaifTofeo 
Kte¥«t & 0 . 05 %Tween20 , 1 %BSA£ » b fc 7 n y * > ^ »«( 7 n v >? x.- 
fiEPttSO 1 ^fP^MI^s 0.05%Tween20, 1 %BSA^» Ltz?U 
^^•Cl/lOOO^IRLfciaSeV-Firti*: (f236) •efifi'C2l$IBI£j63H* , fc« g£fe¥ 
M£ 3020ml ©PBS-0. l%Tween20£ 5 LT^bfcft, PBSHM^ 5 # 

bffifr Lfcoa*S¥I*£0.05%Tween20, 1 %BSA£M Lfc^n y * >^t6 
«^l/2000#^tfe^-^+^>^-H?^1««LfeiliTe;^IgG©t<*: (Goat anti- 
mouse IgG, ZymedttS!) lOilfcgiTT? 1 l$IH£Ji&£#feo &C^IJI£3jK2Oil0 
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PBS-0. l%Tween20£ 5 ftmmm Lfc^xPBSH««t 5 £ffijg$ t 

fb^SB^Sfe (ECL western blotting detection reagents, Amershamttii) £ «t 
D fcxSeV-FirCft t 6 ft 5SlE?R±OI 6 If ©t&dJ * fr o tz o&StiEl 1 

{C^1"o AxCANCrejSSS^rSWftSeV-FCD^S^tftai^ilx SeV-Fflte^fclfcSt* 
$831 1- 5 LLC-MK2M tH tfttB * ft tz o 

ft 6 ft SfcifflliStt ® ft © - ^> ©LLC-MK2/F7|fflflS * tfESeV-F JfCtt Sil>T70- 
■y-W M r U-*«f*fiofc (12). "f&fc"^ lxl0 5 «£15,000rpm 4°C-t" 
5^H^t>^^>U PBS 200 a* ltfifc&U lOOtefcflbfcffiP^* n-^Sx 
ft (f236)s 0.05%T^b^- h U^A^ 2%FCS£^t?FACSfflPBS (BSHbfO T'4 
°C, l^M^LTRj&^-frfeo Hm5,000rpm 4°C-e5^X^>^'>>Ls PBS 
200#l-Cife&U FlOTf&bfcfctx^XlgG (CAPPELtt) l/zg/ml £30#P^K±T- 
EJC&;*-e\ EtfPBS200A£lT?ifc&U 15,000rpm 4°CT-5^3i^tT«$:X^ 
>^>>>U lilOFACSfflPBSCfKSJLfco EPICS ELITE (D-;i/*-ttS0 T;i/=f 
>b — »f-4ffl^Tx Eb^^488nm N £ftM525nmT*J$¥#f Lfco ^©*S3ls 
LLC-MK2/F7 tftt SeV-FJte^B^a^RWfcfiifffcCiav^Sjett^tttH* 

n> sev-Fn a m tfnis&is £.%M$ti&zt tmm <* ft 0 

LLC-MK2/F7«£6cnr>*-W;:3§£, 3>7^x>h$f4W^tfc^ 
y ^;i^AxCANCre£^I££>©£?£ (±13) C«fc DMi=3Tf«»^ h';r>>> ( 
7.5#g/ml, GIBCOBRL)*^trMEM (serum free)T*37°C 5%C0 2 

JB&t±#U 1500 xgr* 5 #flB»ifoU bu^ Lfc^x** >7D y 
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bmiz£ DSBS£nfcF£fiK©h U^>>t3<tSj!P8!4fflli8bfc(03)oSeV-F 

il^|g^©LLC-MK2/F7«li^a©aiSlia^^UT*FSS^^W(3^ 

©Wgfe-^^ll^^n^^ofeo LfrU ^©F^MStSeV-HN&JJEr^vU 
K (pCAG/SeV-HN) * h7>77i^>3>ltF l J^> > fc^trMEMT? 3 0 fg|jg& 

mM^M^mM^. (Hematoadsorpt ion assay; Had assey) X'BUbtz (El 4 
) 0 -T&fr^s ^mmmiz 1 %^<7 h lml/dish£;(JDx.> 4 6 CT"10^P 

gLfc^L ifflllS£PBS«a^T3@i5fc&Lfcfc£3N «i®©iM©=in-- 

3 ] Yk&my ; a *i*o«iigwRNP* £ t>* e u # > ©^$ 

Whit t Z 5^ F^jaSeV0S«H5WfCffl^fc 7 * *>-77f «fc D 

-aojiat*^ e> m© f m & ©&&£ xz>t>4 ©win t& *» o fe 0 7 

)VZ>lztt~§~ ? b >(psoralen)^intrfi^fi^^(long-waveUV 
) -£©#131 (PLWUVM) fcJU 7^v-T7-f ;i/^©«i»tg**^rS^^> T7& 
JBi5tt#»&fcfcV^fc#«££ftT^3 (Tsung£>, JVirol 70,165-171. 1996 
) 0 ^C"t, £©PLWWML£'7^>-7 7 7^;u;* (PLWUV-VacT7) ^ffiUT^-f 
;w^©S«Mlifttt*fco*^«JHWiltBtta57y h/W7£5*#»ll£ftfc uv 
Stratakinker 2400 (ft*D^#-s§- 400676 (100V), X Yv^V-y^L, LaJolla, 
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CA, USA) Sffl^fe. *(Dm%s H*»Cffl^feF«3HMSA»t»FSa©«3Sttlfi 
££ftfc%©0^ ©PLWUV-VacT7T- IMJMfc U fc fflllS© 1 ysate 4 1 - HBIS^lB 
^LrfcaraCC^STTli?* S'^tf&ifJf SH*?\ ^;w^-«&fr £©F 
aajBSlC^JB^ffbJfitV^fc^filWbfco £©PLWUV-VacT7£ffll^fc 

^f^frofcOCMU 10 3 ©lfflJ»^^;u*[I]iK;6^ig^&^ 

is*»©»*#*£<afc#3ftfco zoi5&%m^x, F*&sev<w;u *©#*?§ 

F&JIgPffitlenhanced green fluorescent protein(EGFP) SB&P&l/jtf— * — 
fcbT6n;u-;i/£ftoTl*AUfc±I3 pSeV187 AF-GFP £TI3© «fc 5 {3 bt 
LLC-MK2SMSC ^>77i^3> LTGFP©»S*«* Lfcod©«FRNPJ&fi6tZ 
^5«c«lJaB*Tf*S, 3o©<W;i/*Efi*3t£^NP, P, L©*#Ht«fc*»»* 

LLC-MK2 «£5xl0 6 cells/dish T" 100mm ^ h UmCIISs 24B$F E gtg#^ V 
7l/>J:IIfiM (365nm) 20«IL, T7HNA#U*7-~tf&$B*rf 
£ U 3>fc* :f-> h VZ^—ftjl (Fuerst, T.R. et al., Proc. Natl. Acad. 
Sci. USA 83, 8122-8126 (1986)) Cgfif 1 BSHMSSSttfe (moi=2) (moi=2~3 

, ffa[ciiioi=2*«ffl^e.n5). m^smm^Lxt^^y^^^ v psevisv 

AF-GFP, pGEM/NP, pGEM/P, £tfpGEM/L(Kato, A. et al., Genes cells 1, 
569-579 (1996)) £*ft*ftl2/zg, 4/zg, 2/zg, &tM#g /dish ©*i£T* 
0ptiMEM(GIBC0)CSS®U SuperFect transfection reagent(l#g DNA/5^1 © 
SuperFect, QIAGEN)£AftTS£"U SfitlO ttmi&W'&s S*|«J£3%FBS££ 
&0ptiMEM3ml£Aft. IKiilQlt^llfeo pSeV18 + /AF-GFP ©ttfc> 5 £*f 
JfSfc bTS£MSeV>7V AcDNA (pSeV(+)) (Kato, A. et al., Genes cells 1, 
569-579 (1996)) £ffll^T|5Hi©fl®&£fT ofeo 3l$iaJgf*&s 
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££&^MEM T- 2@as^U v h^»^-D-77tV77; v- K40/zg/ml (AraC 
, Sigma), h U7-^>>7.5Mg/il (GIBCO) £^t?MEMf7(»^# L£o Cft*.© 
IfflflS^SiRUs ^-Uy bftOptiMEM t;|SU; (10 7 cells/ ml ) 0 m&MMZ3 
0^ D?iLTlipofection reagent DOSPER (Boehringer mannheim) L ( 
10 6 cells/25//l DOSPER) ^S-C15?}M LfcgL F&3ILLC-MK2/F7 IfiftC b 7 
>77i^a> (10 $ cells /well 12-well-plate) U lfil?f ftH£ &1>MEM (40 
^g/ml AraC, 7.5,ug/iiil b D 7*/ >&GtS )T-tg# Lite 

*<D&m> •>'fWft*0 3o©iltR#, NPs P, Ltfl-^Tfiaofc ® 
^GFP© 36SI#S«> *> *U ft#££iP ft SBSi 1 5 •> -f » * RNPtfM U# S 3 
fctffilWUfc (06), 

/t-litu^^a-^n, jSf^ftWta&fc^^xeu^ft^ai^ 

SiPftHS^&o HU^bfc«taM^mNPftff^^nS^ (pSeV18VAF-GFP, 
pGEM/NP, pGEM/P, RWm/lZmmz F7>7,7i^t« <T££ft) fcfl^JBdt^iX 
(pSeV187AF-GFP, pGEM/NP©2a©7-7 7; * F©^h7>X7x^ b 

-r-s^ff) Tfii*»ffofciiiasft«is/iittPLTi»fe7-f *-hft*^*=^ 

ft 6 ©«££tt ?>GFPSBSI«©£# t) T- £ -< ^^©J&J&ftft* Lfco*© 
t&WbtHZte^tzo 
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MUSK U h U fc*#STTf 3 S H£* Lfco F^MUS 

h »jr^>#«T^©*'>'f ^* J Jt«**ife(H8) 0 F*IB»illlS©±i» 

fc & v a 7 ^ )i 7s £ fix t ^ d h tit o fc o 3 i; 4 &£ 

yjVJfrZOm 9 -&0.5 x 10 7 ~1 x 10 7 CIO/ml ®©ffi£ & o fee 
[HJI&094] F^&SGFP^C^;i/X©8¥tfr 

F^cDNA* e>@lJR$nfe t* U ^-XO-yy A»3iSffl6l8-rSfc«)xFIB3SaBJia© 
Jg*±i»#0'W>l'*£lliKU total RNAfcJfiffibT^ F^HN^T-p-^H LT 

HNit^(i^aj^nfe* s F?iew^ai^n^Faew^^;v7^^^±t-# 

asb&^ClfctflJIl&iPfc&^&CBI 1 0)o£&CRT-PCR£<fc 0 GFP©3ie^ iicDNA 

tmmizftmz^vj])iftmmmtz^tmffim*%Lx^tz (mi4) 0 * 

■M^tDFfcHNCttW&fc^tSfcaO'f Kfg£IgG(antiF,antiHN)£ 
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<Total RNA©}^ J — tf >7D y MP*f, £ £ RT-PCR> 

F^«LLC-MK2/F7(C^7^;i/^MLT 3 B 1 O^H±?»*^QIAamp Viral 
RNAmini kit(QIAGEN)ftffll\ Z(D7u total RNA©fflfctlftfTofc 

o fflffiiLfe total RNA (5#g ) §^A7;i/f t Kft^fc 1 %&&Ti3n-Zf 
MZXWM}ftW.\s~tfrt>s ;^a-A7n^f^>^I (Amersham Pharmacia 
ft ) ft ffl l ^ybond-N+* > 7^ > £ h 7 > * 7 7 L it offcS t ^ > 7" v > fiO . 05M 
ONaOHTH^U 2flg#*5l<fcSSCIffri8 (Nacalai tesque) "Ztt^i£&* 
^y^r-f Hf— j/3>»* (Boehringrer Mannheim) -C^O^T" WW #W -te* 
— >3>ftfrofc 0 ^=f^r>>y-> (DIG) -d0TP(7;i/*>;«S*t) ftfflO£^> 
^A77^f ADNAJfI§S&(DIG DNA Labeling Kit, Boehringer mannheim)fc £ Oft 
fig bfc F & 3 v^iHNJte^? ©7"n-7"ftM LT16B#IH/W 7 V X£ #tz 0 

(anti-digoxigenin-AP)fc£jfc£-t*\ DIG ditection kitftffl^TJgflf Ltzo ^t(D 

mm f %mms&& h tin t> 4 )wmm&*\*mb s nfc# f m&?iz& 
mztit. mfc?&*j)i<z7;2>±izft&Lft\,^t&w$frtft^tz(Mi 
0)0 

£ h RT-PCR (3 «fc *) mm & )H#r ft ft o ft 0 RT-PCRfci:*t £ L fc W ;i> X RNA ft 
SUPERSCRIPTS Preamplification System(Gibco BRL)ftffll\ hn-;i/ 
£fi£lrtfirst strand cDNA ft£fi£U LA PCR kit (TAKARA ver2.1)ftfflOT&® 
et d P C R ftfto fco 94"C/3#£jfc^ 94°C/45#,55°C/45#,72°C/90 

#ft l^^^;i/i:LT30-y-'i'^;i/ft±i*iLT72 o C-C10^Mt, 2%7#n-* 

F&fcSMifc# A tfcEGFPOSIEHffl^fe77^ T-ttforward 1 :5'- 
atcagagacctgcgacaatgc (IS^J§^ : 8 ) , reverse 1 : 5' -aagtcgtgctgcttcatgtgg 

(wm^: 9), F^^fe»ffi^cffl^Au&EGFPi:HNjie^©^iigcfflv^fe7 , 7-^• 

v— J±forward2 :5' -acaaccactacctgagcacccagtc (UJiJll^- : 1 0) , reverse 2 
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: 5' -gcctaacacatccagagatcg (iH^J#"t : 1 1 K MJHs^fcHNaKs? 
£CDRgttforvard3: 5' -acattcatgagtcagctcgc (82?'J#^ : 12) treverse27 
■7 -f "7— (K?0#^: 1 1) X-fi^tzo Z<D&m, GFP©it£^&cDNA©fit^©|5g 
i:H«©F©^*«(fi[C#S > rai:i: (El 1 1 K flfe©«e?©*iitt»4 

tcLfc&T\ lX10 9 HAU/ml(z^?>J:9^10fS#i^L,fePBS(zS^?Sb, ^©-?i§£ 
£8&fl-&©T-f *n^'; y h±ti»TbTSffl^9g«^-&feo 3.7%*;i/VJ 
> fc^trPBSC «fc D 15#MH£*HI»* 0. l%BSA£^tfPBS?£«30#f$L3i£ b 
, £6KI^»?200te#ftLfciaF*>' *D:*— JHfitt (f236), SfcttiWE^ 
^n-:h;i/JrC{£ (Miura, N. et al., Exp. Cell Res. (1982) 141: 409-420) £ 
»TLT£fflttJB'e60#HKJ&£*fco -£®&?D y h£PBSt&#LT> 200{g 
#R bfc&u D >f KaiUffiT £ * IgGJnft£^T bT PI b < «fittt»"T?60#IHI£ 

K0lt:4%OM^7-^Agit2^P^fiLgi^f;J:, JEM-1200EXII* 

\z^)-h)\<timmfet7,>u *tm**fc* lt^& (0i4), 

h^H&JCtt««Bfi©SIftJS««lia^©#A> 
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o «^18aSD7>y h (SPF/VAF Crj: CD, M, 332g,~9 M Charles River)£^x 
^x-^^CfctJSJftlfU »TIMIRttJfllK:«fc»)SSf*5E$*fco m&Lttfr 

ft« (5^^M^5%?«?fs 10%DMSO£^t?) DMEMWU X7^XLt 
*S^bfe^H>gi (1.5U,^Xt^ >0.2mg N £ i/tf&mT)l7 K >0.2mg 
\ ^*;i/3-^5mg N DNaseO.lmg/ml) £&0x. N 32°C^ 5#£KHB8HJt#b-C15#ia 

m bt tmfr #fc£ £ fcf £ (3% S £ T- > ^ £H D £ L fco32°Cfc T 1200rpi 

5^F^ii^tfe^$fflJ!S&B27 supplements bfcneural basal medium (GibcoBRL, 
Burlington, Ontario, Canada) lz f!5i^ # U -d- U ^ >(Becton Dickinson 
Labware, Bedford, MA, U.S.A. )t*3-f^ >y^tlf;7l/ - h ± \Z 
lxl0 5 cells/dish^^, 37°C, 5 %C0 2 XlfemZfi ofc„ 

%(DXmfkmMXt%mnmfflM 5xl0 5 /well£5 Bm%m&. Ffc&SJSeV'*** 
-ZmW-ZV (moi=5K ^?>t3 3BK««tfco 1% ^7$U7^ftF, 5 
% 0.5% Triton-X*£tfB£*re5#iaM*CH$£U BlockAce(S 

m%m)izxMU2mm^u v^y^hxmm^^titz^^^ ? v 

micro tubule-associated protein 2 (MAP-2) (Boerhinger) IgGi: ^LiUkX 1 BtflMi 
^>^ra^->>3>bfeoPBS(-)-C 1 5#*£ 3 08$^ 5%-^^M/PBST'lOO 
fg#^^nfecys3-^Ji"7^XIgGi:^?aT"l^^ > > a > bfco £ 
e>tPBS(-)T- 1 5^iC 3H]&&^ Ml; Vectashield mounting medium 
(Vector Laboratories, Burlingame, U.S.A. )£#D;?., ftM^K^il (Nippon 
Bio-Rad MRC 1024, Japan) T? 470-500-nm £ fc 510-550-nm ©excitation 
band-pass filter &mftz Nikon Diaphot 300 ®iLm9m"em-2<Dft&%i&£ 
GFP©&#fc<fc3 2«Sftte®8#«**fTo&. *©*gj|ls MAP2 H4mSI«C 
iiGFP^(5IS100%#A^nfc^i:^^* i i:^ofc (01 5)„ 
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<IEf&fc H|a©IA> 

7fAX) te7<B#Sli£fr<=>l!§AU SFM CS-Cigife*y h (^ik>XrAX) 
37°a 5% CCyeigUbfco 
jESt h¥riS5» (12 1 5, Muscle), lESt bMJ& (El 1 5, Liver), IE 
hM«Jfil^rt^« m 1 5 , Lung)^©t hlEMKF^&SSeV^* 
-£«LT (m.o.i=5), GFP$g5t£f?3s?U£ 0 ^ttKDMmz&^X&mZlOO 

%®mx®m^&ti%i(iYmfc?%MZLzu5z£bm%%$titz (mi 5) 0 
T^^mmmmm^vy^^^-ti-'c^mvr, F^^sev-^ 

*-£jg&<**£!IS&&fTofco £1\ C57BL -y-^X (6M^£) (H50mg/kg (I 
&3 cfc-5£5-fluorouracil (5-FU.Wako Pure Cheiical Industries) 
t*(IP injection) U£4 2 B^^^i t> #iS«£[Hll& Lfco Lympholyte-M 
(Cedarlane)^fflVNfc^g^Seii'CU3J:oT»W^^b/io 3xl0 6 ©«iffl 
IISKttU £*7->4i^2ftfc}n;CD45R (B220), JaLy6G (Gr-1), JaLy-76 (TER- 
119), mi (Thyl.2), m&c-lZfa&mitzX hl/7 h7K^>I^t-X (77 
-^x>*±, 77-^>*t) ®^tfe*©^3xl0 7 ^:ija^4 o C{3T 1HP» 
Lin t 0«£l&O£#iffl£@iKL£ (Lin'«) (Erlich, S. 
et al., Blood 1999. 93 (1), 80-86) o Lin W4xl0 5 «(l^b, 2xl0 7 HAU/ml 
ODSeV *mX, U&tL^v hSCF (lOOng/ml, BRL), M.Wk%. t ML-6 

(100U/ml)^iDx.feo S £8xl0 5 © h - * ^#MJ® C *f t T F ^»SeV 
4xl0 7 HAU/mh lxl0 6 ©«^^U5xl0 7 HAU/ml©GFP-SeV^SPx.feo GFP-SeV 
& , SeVijE^ 3- - y r pUC 1 8/T7HVJRz . DNA( + 1 8 ) ( Genes Ce 1 1 s , 1 996 , 1 : 569-579 ) (DU 

Hfe¥^(Rl)i:^(R2)^7*^;Uh^S(IG)iH^J&ft»PbfeNotI»rjt$:PCR{3 
«fc!)Jili£-e> lALT^lfeo »©£&(Genes Cells, 1996, 1:569-579) (I 
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fjv\ gft©it£3 1 ££tf'W -M/a&EUKLfco GFP-SeV4!B*bT48BSIH!ig*0 
fcgU SMIS£**i**i2g¥C#*?\ -o(;tt7^x'J^'J> (phycoerythrin 
) (PE) ^ini-CD117 (c-kiU Phanningen)£ 1 EHS£/iS£-ti\ fc?-8M**ra¥ 
h Lfco 3®?BSlZXm&Ltz'&. 7D- *M h ^ — ^7 (EPICS Elite ESP; Coulter, 

Miami, FL)fc<fc5A?*f£fTofco 
*©g^ M©primitive#«©^-*-T*feStn;c-kitfiT;^T"^> U 

016), jg«±«*©«tt*^©sii^ «Biia««±«i* r i ) 

, LLC-MK2M»j!raU 3 B&£GFP^«(Z)#£©W&£ «fc DfTofco ^ft 

s> © «© ^ -rn c * ^ t * «&© * 5 * -< )\,t> n^tftn m * nt v ^ & v> c t 
ifimmztitzo 
mmm 6 ] ^ * v m^o^ # -©8^ 

?y KF334/Du Crj, 6 SI^> IBS, Charles River) CM Att* (All!) 
■eiO^#j^Ufc(5mg/ol)^>^-;i/^-h 'J*AJg* (^*#* b) £«I*J 

a«c«fcDjft»u 'mmmm^WMmm (david kopf}±) zm^xojfrz 

©&#£frofco &4gfl&l£iiiteraural line<fc 9 71/^ v (bregma) ^5.2mim 
^A^'J; D£^2.0mnk JHM£ f 2.4mm ©ftjBC 30G ©£g|$f(Hamiltori#) 
T-20//1 (10 8 CIU) axife. ■TSi:IHS©±3S5iffll!SCGFP©aiO«3S* J IB«?*ii 
7) 0 F^^SSeV^^^-T-iia^gPfi©)!^©^^^^^^ 
L 5 S±£« £ feliWiSWC UGFP^ >^ 1 W(D%Mt>mmz fits z. ft e> 

(D^mzm^m^ifimm^ft^-otzo n^zfttzyy yximmzftztxiz 
ftfLtti%ftWimn*i*m&<bte}z&ft*2ft?* M$\m&mm, ia©&*\ jm 
, Bs mm, i&i jut is ji^©$i^w©^-rnc^^T^^^mi,^m 

IMfam 7 ] F&^SeV^V Aa>£©F-less«W ;p*f£? ©7&J# 
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<1> 

©HA assay©jSHI£^bfc (01 8A) Q ZhhfDigmt^ZZMtim^MWlZ 
lib, 2B^#^0»©^ra®HA assay©^£^bfc(HIl 8B) 0 
±§G© rcj i*ftym£{s"Cm^tz?*S*mt>to Dilution («) ©»^tt^-f 
;i/^*©#fR^**St>-r o ££f^ *W»WCHAHM4T*ofcj|j|R»(lane 11 
lane 12) *»TSf»WtcSftllL"r**2BSfcOIIIR*©HAas8ay*ff-3fc 
(HI 9C) 0 £©16^ F^fflSeV^-<;i/^^^tfcFI^MJ3SSfc(i^W» 

■zf i±HAtfin4t: & ^^fc t\ «*»wciigai lt * ^ << )iz &± <mm$ti 

<2> 

SSeVA»t)QIAamp viral RNA mini kit(QIAGEN)C«fc DMbfctotal RNA£F>tfs 

fciPofcflai 0)o '©HAIHf-e«^^^?«HiiF^a^V A^otUS 
U * > ©x > ^ d - 7tt&3 o -T h* Htf$ b feHN^ S * lit 5 JaftT* tt£J& b £ 

# N ^o-f \ t mmitzFm&*mt%tfifoT-i±&.j&Li$fr-otz(m2 o) 0 ^ 

© C (iF-less© If U * > ©#£*** U FM G &ft < X 6 lit £ -f ;i/ * 
# K U > i: b T Jfcfi££ ft 5 d fc*M9J8! b to F^fttf SeVtT U * >#JMT* § § 
C^ti-fT-KfB^ft&D (Leyer, S.et al., J Gen.Virol 79, 683-687 (1998) 
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)> 4*® ©*£ii&hnm a &mz sev t* >; > § £ 3 ^ #io#>-t bj? h & 

SeV F^aRNP^St?tU^>^^a{C^E^T"§§Ch$:^LT^§o 
<3> 

7-A(D0SPER,Boehringer mannheim)^^UT^ gS"C*15#IUH > + a^- % > 
3>ltFMi)iai:^l*t: h^>x7x^S/ 3 >tfco ^©^ 

* - 7 u # v - a t ri^ l * v^^{i± < G??mmmmtfM% ztitz ^ o & © 

^T*«**nfco F^^«T"(iGFPI±M8ST-^U, R»liSla£#s>&^ 
©KttU F^MflaT'liGFP^S«(±JA* s oT> □D--»fie$tl5Ci:* s 
Sig?£ftfc (0 2 Do uOCi:^^ JBlW»-e-a«jt:Ji(i*iifc*«!tt©«: 

1,^ 'j t >n h 7 >^ 7 x ^ 3 > & ^©^a^ ffl^tiii:#Atmi 

[HWJ 8 ] FHN& jiSeV^ 7 A £> -7 * ;i/7 ©S#tfg£ «fc « 4l 
<FHN^Ji77 AcDNA©HfH> 

F«£^SeV'7 T 7 AcDNA (pSeV18VAFHN) ©«t^fi^^pUC18/KS^EcoRIT'^ 
fbLTpUC18/Eco^^LsF3S{K^©l§^n K>fr&HN»^?©»lt:3 h*>*T* 
©P^©£iE?!i£ (4866-8419) BsiwIgBffi(cgtacg)"C»«SL/#ISILfco 
FHN*«M©gE?0^>-^>7T*SiELfc&> EcoRl77^>h (4057bp) * 
^>fr£!I]l&LTpUC18/KS©EcoRl7^7 r ^> h tSliitlUl/fe, 3©FHN 
&«£*S&£trKpnI/SphI 7 7 7^ > h (14673bp)*y ;i/IHJR LT pSeV18 + © 
Kpnl/Sphl77^>h 7^7 5 h* pSeV18VAFHN tfftfcftfco 

-15, GFP£aSALfcFHN**lSeV cDNA©«8Stt&©J;-5KfTofco pSeV18VA 
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FHN fr£>SalI/Xhol7 5 7V > h (7842bp)^IHJRUTpGEMllZ(Promega)(Z^ 

U7*7* ^ KpGEMllZ/SXdFHNh t fcoFHN^^gPfi[{3d2EGFP (Clontech) © 
ATG-TAA (846 bp) OWflBsiwlM^ftiD bfcPCR»£BsiwIBIIfT-?mb bT 
, pGEMllZ/SXdFHN©FHN^M&©BsiwIM£^|£bfco ff^ftfcT^^U Ktt 
pSeV18VAFHN-d2GFP hLL 

<fhn^«m e &%mmm<Dim> 

m UHN©0RF£^t?7 y 7* > h £pCALNdlw (Arai 6 , 3013)©^--- 7 ftSwal 3fl 
&«Ab, 7^7^ KpCALNdLw/HN^bfeo 

LLC-MK2IEB US £ pCALNdLw/F £ pCALNdLw/HN £ |i| * £ fig & 3 » Jt T- U 
mammalian transfection kit (Stratagene) £fflv^©7n Yu— )UZ'&^Xt& 

>&V U-yltZMtlZve DNA l/U > tT±— V&%Mt Z>m$kfL7 7 S <5 4 frZ 
(Ade/Cre) (^rj»?>, luIB) T*«b (moi=10), FfcM&ff<Z)B*M6%3 Bll 
IS&PBS(-)-r 3@^LTI1IJRU ^^Oiyf-f >7*ffi£ffi^TSn;SeVF 
^JJtSeV HN£ejt©^7n-*;WgG££0tftfciiUfc(EI2 2) 0 
<pGEM/FHN©flt^> 

pCALNdLw/FfcpCALNdLw/HN*#l«fCfflV^fcFi:HN7 7 TV > h £^ft^ftpGEM4Z 
s PGEM3Z (Promegatt) (3^n-->^U pGEM4Z/F£;pGEM3Z/HN£f# fc 0 PGEM3Z/HN 

*@iR bsPGEM4Z/F©Fjtfi^T^©SacIa.- -7 iJ-'f h tftOWr b¥M UfcSMft 

(iJaHN^ey 7 n^-- ;Hfi#:T- •? x 7 7 >7n yr^ >7*£ffl\F£HP5£©gfi 

5ttt |s)Bf C »3HTf g S £ £ £f§E b fc o 

<FHN^»^-r;i/7©S«|^> 
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mmmvj iiznnmm (po) iz-mbizn-otzo -oiiF^ti^^^^cs 
T'F, wtyAtnttmitzr^* ^ v-zmmmLx, z\ti\z&*)Yio&vFm 

\Zmm%mmf&-zmm*fi-3tzo FHN*}lGFP&3ISeV cDNA ( P SeV18VAFHN-d2GFP 
) , pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN£^ft^*v 12>ag/10cindish, 4^g/10cm 
dish, 2^g/10cm dish, 4//g/10cm dish, 4#g/10cm dish©ai£T-^£U 
gfi, 3ml/10cmdish), Su^bfcF^aSeV©S^i:|3ia^^&-r-LLC-MK2«{3 
itfi^ALfeo 5tfe?«A3B#TO^%^AraC(40^g/ml, SIGMA), h U > 
(7.5 / ug/ml,GIBC0)A!?©MEMl;:£&U £ £ H 3 BIBM3II Ufeo 3I£^a»A&2 
BB"C^3tlH*:R«iTf««t, pGEM/FHN©^!jn©W&©^£tfctiEU GFP&31 
WISOlS^D-e^^^O^fiJtSfllBbfeo B«8ll$fcpGEM/FHN&» 

Wy>^l/«T"L«^ii*A^fc (@23)o FM6l?flilgB#£« 

x * 3 xom^ttxm t mmiz?w¥m%mfflmx*vj jixvEmzmyjbtz 

(H2 4±)o 

Ade/Cre ft L T 6 BSIH fc FHNM fi #Bill»3S £ ft fclMS C FHN^S * 
;^*&*«!UJiS**'TfSfcc:i:**Bbfe (02 4T) O 

FHN £ » GFP * % M t £ cDNA fr&BBftSftfcfr-f^afttt LLC-MK2 , LLC- 
MK2/F, LLC-MK2/HN, LLC-MK2/FHNC&&LT h U 7i»©iWil!eil/ife 
o tg#3 a^tGFPSe^lfflflSOl2:* J *3$:SiEtfci:C:5> LLC-MK2/FHN"C©<fr 

#^:i8«£ftS£fc#MB£ft;fc(EI2 5)„ 
FHN&* t?4 frXtfJ h *mmt 3 tztb, LLC-MK2/FHN«fr f> IUR£ ftfcig# 
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±ii£is<l>Lfc^> QIAamp Viral RNA mini kit (QIAGEN)T-^©7*D Vn-)UZ 
^otRNAWtK^frofco 3 ©RNA$: Superscript Preamplif ication System for 
first Strand Synthesis (GIBCO BRL)C«fc ^RT-PCRCt 1 >7°b- h£j5fc&*TV\ 
TAKARA Z-Taq(^Sji) &ffl^TPCR£frofc 0 *t«lSM± FfcS*-f frZ*m^tz 
0 PCR7*^^-?-(i Mfcfc^2:GFPjl£^©ffi#£fc-l*\ SfcttMJta^fcLjtfe? 
0«E*^t>**ffl^Tfjofc(MJl^fcGFPae?©ffl*^t)* (M-GFP) fcov^ 
T& forward: 5' -atcagagacctgcgacaatgc / IE £'J S *f : 13, reverse: 5'- 
aagtcgtgctgcttcatgtgg/IE?'J« : 1 4; m&?t L3I£^ it (M- 

L)£o^T& forward: 5' -gaaaaacttagggataaagtccc/IE?!i#^: 1 5, reverse: 
5' -gttatctccgggatggtgc/I^JS^ : 1 6 ) 0 fOlg^ M^GFP«fc? £7°^ 
v- C ffl U fc tf^liRT^ff Ttf F*H £ FHN « ^ ^ X #H#HffJfc M > K 

tmm^.titzo H£mfc?*77j -?-izm^tzm&\z, f«h&gfp£^£ 

& o > K #HH£ftfc o^V A^jiiiiFHN^Jl LT ^ 5 d t \ZW h *» ilft ofc 
(02 6)o 

FHN^a->^;i/X^F^«HF^*^lsI^^^tt^ J£§lbT4Bi 
ig#±?f LLC-MK2, LLC-MK2/F, LLC-MK2/fflN^OiS}*!lllft*ffofco * 
©ISf^ ^ttl©«mC*V^T*;GFP^MJ}§^ti^^n^ «Itl£©«^ 

fc#tT*£f8££ft (Kato, A. et al., Genes cells 1, 569-579 (1996)), ffFflt 
Hfe§T^>TO*|Sa , ;-b7'^-(ASG-R)^^tTBfmt3^M^t«T^§ 
Zttm^Ztltz (Spiegel^J. Virol 72, 5296-5302, 1998) c WiiT, FHNfcfc 
RNA^V A^^f^^-r;bXoi>^D-7"liFMfi©^T:»^nfct* , ;^->^ F 

zmmbtz ¥%mm&<D%m±m&®$i\s. m>bLtz'&±m(Dfi&£mmizwh 

fllffl*fTl\ iffMLfeSafclRltltRT-PCEtfjPffbfco *©*S£x 
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FMa^MflS*^^tB^tifctU^>^*5 : -^-^^ 'J^V-A (50 
^lcDD0SPER/500^1/well)a©S^©*^^FHN^«^fe(i#^LLC-MK2iffl 
J§§(CfijlL£ 0 ^©ij£J^ BUxtibfcF-less^CJi^hloIlis DOSPER£*g£LT 
liCfl L£^££&GFP?g3I»0/£# #IS3lf HN-lessOH V ;t > 

jjST-iiGFP^Mjjg^ii^^ tife 4 nis^o c t tfm® 

tmmw^mmmm^ ^tzimmm^mmLrmmL, s P ie g ei 

1. ±^M^fc^T'lfipl^nfcF^RNP(iF-less©'>^;U^x.>^D-r(3-aS 

anu ztztemfc?mAM i m*&B?m<D£oteb(D?MmizmxLT (rnpi^ 

>77x^i/a>, g-fcfc* RNP^>^x^7^3>), ^©^^x.RNA^VA*^ 

2. HN©|IBJj£l*lM-i'>£gSU «^ M 4 >^ftfe©Hr7*^-^#a^^^ 

3. ¥mtbKMt2>SeVt>J )lZ(Dmmm\zmVlLtzZtfrt>, GNMfc^Qttt) 
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{Ciife^^AUT^^^y^ £ & tS m S WT-ffM £ ft £ tf U > £ ft 
(Leyer^.J Gen. Virol 79,683-687, 1998) x"^©filfil#i'^ 
>^^FgeT^>^-h^bLfc^^^-%^^ft-r^S(Spiegel^,J. Virol 72, 
5296-5302, 1998) 0 FgfiKA^ h 'J 7*^>T^S$ftfe^ASG-R$:^b-Cff 

II lift I!*- 7^5^ >^tl5i:ig^titu§ (Bitzer*, 

J.Virol. 71, 5481-5486, 1997) G HU©^CD^Ii-ii^^^B^T-$) t> > 8 
^t;^^^-©*i^IelJR^Bi|-?$.So*feSpiegel^{i-b>^ FIST^a 

ftm.nu t l frmfc^m x x 1 & ^ 4 £© 11* © m $ ® * r v ^ £ 0 *^ w x m 

mZtltz, FHN±t^SeV-^'l';i/X^yA^^t», m&<Dfrx.>^V-7m&Zft 

tz?kx%>z>o 

mmm 1 0 ] FHN^asev^ ;Aip^^;^ (Dnmrns £ vmn% 

t> J >f; h £ £ D > <7 LfccDNAfr qTf&& t> 4 Jizm?* MMf&t 
l$t/v¥(D%X\ T77n^-*-T^3cDNA, iP,P,Lig^^#ALf;77^ 
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^S^-frS^fc^^S^ 7^>-7^;bXfi&©MMt£©fc#)Kx fS 

$\t LX >j77>£v>£ffl^T^3#x M£©2fx (Kato, A. et al., Genes 
cells 1, 569-579 (1996)) T*&x U 7 7>t^>CD(J^tZ, AraCS^fi 1 LTffl^ 

fffl§$ * <t < ft o C iz U fe o 

filxlO 5 W*^S^^nfe^^^x«^A^nj^Ti:^a»T\ 1/ h 
n r> -f ;i/^Sgp©SA»<Z) •> ^ Cit^S fc ^ £ SCfrfc t) i£l>©^tft tb 3 o 

OS frtlBIJBIt-e* < RNA* * y £ > 78tH * g #©§ 6 t LX n - h* t T & -D x 
ZCDMmtfs «KT-T77"n^-*-t3£ Dfc3p£tlfcRNA£*^ y UTS 

7 tf 4 *Psoralen-Long-Wave-UV^T-^S1-S I J:(aD,7^y-7^-f 

iS^fe o 

V7U>fc JSfcS&MIK «fc -5 DNA^ D * U > * > «fc t) x 
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®%\z&ZV4 )V7>®^f&{t<D&¥WWW£&bt)tiZk.%Z-bftZ (Tsung, K. 
et al., J Virol 70,165-171 (1996))„ 

5i:fi5o •e:T'*^t^t V7-u>^8 (UV)®*&tfcWU "7* 

(i, 7*^-^ffM(i £ fc§'7^>'-7"7^;i/X©^-f'^-©Sil^i:> Yizru^z-v 
-£ITFpGEM-luci:7*7 7U h\-fe>?*^ -7^ * =->f J h\Z J;ST7*>J ^ 7- 
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;UXNP, P, LSe^^3H-§pGEM/NP, pGEM/P, pGEM/L:77 X 5 h* ^BtMBSt 
h7>77:t^>3>U 'J*?^l/tIfil^M^t, ^>^-7^ 
7n©RNA#U -if cfc ^J^7i7- fe?g#|igS©l5¥£II^3^T*fc£o 

M'>tfH£ftfco LfrU T7^U^7— tfrSttlis 7 5U>?IJg#0, 0.3, 
g/mlig(£^b£IH*-fs 10/zg/ml-eii 10#©1 Um^WP LX^tz* (02 8) 

o 

-e©^t(iT7^'; fcfrStt^f^iMiJI^ti&frofco £©££> 0.3# 
lOOO^CKl^-trM^^-a-SC^^-etfco (02 9) 

Situ©*^ LTmoi=2 (®31^©gi#^ *-T-moi=0.002) T'^b 

h £©24E#TO©CPE(£, *#UI©7 *moi=2r- m&mttz ££(DZft£ 
'£t)£>&fro£ (HI 3 0) o 

■otzo 6well©T^^D^^-hHLLC-MK2|fflllS^3xl0 5 «/well-ei[$> « 
t3H Lfc&, PLWUVMhu©^ ^ * -#|||Tr6xl0 5 pfu/100A 1 1 & § «fc 3 1 7 7 */ 
^T-W;u*£#E?U PBS«t^«©«IISK:i«»i**fe. l«plBfiD*«!»N 100 
//1©0PTI-MEMC7*7 7n ^ h% pGEM-NP , P, U € bTcDNA£^ft€ftl, 0.5, 1 
, 4jug*tiUZ.fzt)(DlZs Superfect (QIAGEN) fcHUtlft]^ SItl 5£\&fib 
fc^ lml©0PTI-MEM (GIBC0) (Rif. AraC£^t?) £<t>^ IfflJj&llfiJl bfco 
h^>77x7i/3>&2 N 3, 4 BifCHMHiKU jS'^ 300>al/well 
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>al^§)i^lOB@©^WM(C##f?4ffl^o^iL^(lxl0 5 ,lxl0 4 ,lxl0 3 « 

^fn?ngi)o 3 bmh* t>mm*®& LMmMiz «t o * >r 

ajtfcSKfc (a Do lxl0 5 «£$fiL£»©?^ HArSte#fc^>fc83P£- 
j*U 10 4 T*&+j£u 10 3 -e«iW£«;tT, PM#$0» (Reconstitute Score) 
(0 3 Do tm^M 1 0 o 
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(zjrb^jtT^ jaaftUfc*©#'i>«c<«co , r^fc (032)0 
-T-i7'(';u^s*©cPE(is muMTfTtcjaacD^ iooo{£©#^-£&o»m 

;i/7©-£ft£:^fc>£&frofco 

(0 3 Do HWfCs F7>77i^H>Mofc7^^-7^^^0^>f 
*-t±, 5pfu/10 5 cells&±T-&&fro£ 0 ft^T^ tMBRTUft?* *>-7>W 

;^©Mtto.oo5%wTic«iit fenfco 

[H»J11] i/a-^>f7t>^^^;i/7sOfl 
<1> VSV-G ?te^0^^g|^^-r-5^;i/^-^J!S©^M 
VSV-G «eM«tt«iiamttftWLT^Sfcft N Cre »J 3 t?C £ D 

VSV-G«e : fM«* J ll#*3a*iiS«t-5IB:W-*iifc7*7^^ KpCALNdLG(Arai T. 
t> J.Virology 72 (1998) plll5-1121) fcffiK LLC-MK2 »-e©^iAHffl 
■f^tBftffo&o LLC-MK2 M^cr^T^ KOSAti, 'J>iA;^>7AS ( 
CalPhosTMManunalianTransfectionKits 7n — >x>y7#:i0 tK I(f7- 

10 cm 7b- h ^rffll^s 60%n>7;i/x> h^-e^WUfe LLC-MK2 HfStZlO 
g©7^vU K pCALNdLG £#A^ 10 ml © MEM-FCS 10% Affile tv 37°C© 5 % 
C0 2 -f >*a^-*-*T24l£|gJg*Lfco mM&£IM8&l!ltfU 10 ml© 
MCM, 10 cm 5tt£/fl^ 5mll#, 2 ml 2ft, 0.5 ml 2tt£ 

fgg, G418(6IBC0-BRLtt8) 1200 /zg/ml£^ifl0 ml © MEH-FCSlOX&ifeTfJg* 
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fiitzo tt«#CJ:?)4Wur*fcG418{cBtt*^-riMSttx ^n-->^U> 
7*£ffll^T 2 8tt^tHlRLfco #£n->lilO cm 71/- hT*3 >7;i/x> Ml 

§i?D->i;oUt, Cre U 3 > tf ±— i? ^^tf^^^x. 7r; 9 -f 
AxCANCre£«gL ft VSV-G ^ 7 7 D-:h;i/#i;ft£ffl^T> VSV-G <Z)&JI£JirF 

§^D-Xi 6 cm u>7^x> hST-4W^#fe^ 7f; 

AxCANCre (±15) t«t?) M0I=10f!«^ 3BF^i£ti 

Ltzo mmmt^m±.m^mm^tz^ rmmm-zm®^, 0.05% mj^v 

0.02% EDTA(:n^>^T^ >4fW£^tfPBS|fM 0.5 ml£ia;L, 37 
PBS^»r^^M'#s 1,500 x gT- 5 flf^ji/[> U MffiZM&tzo mbfitzMMlt 

z t>iz2m\mMwmizm&mm'&, 1,500 x g-r-s^r^/^gitsc^tj;^ 

, m^MUbtzo 

MJ®ii-20°CT*&#-r 3 3 £ ifi-pjm-G, «&gCJSS KZMW. LTmfttZZhtf 

T-§^o mtbtzmmmoo ui © Mil (ripa ^yyr-, ^->j>#- 
vwwA*tio hj^shbu i£«©£gajt (lU-y^tzt) lxl0« 

7 t ;Him*i!jffl1t>7';i/^'^7T- C6mM hU7-^ (pH6.8), 2% SDS, 

10% 7*u-feD-;k 5% 2 -^;u*7-hai^y-;i/*^^s^WD t3?§8? 

u 9 5V5mm'&n%&mmmmzmLtzo mumzsDs-xvrpVK 

t$ h*>r> 10/20, m-it^nm) iMii:J;t)^ll 

, ftmZhtzW&'X** I YvJ y h&Kcfc (Immobilon-P 
TransferMembranes, Millipore M) f^^Lfco lE^tt, 10 0% p<^7 - 
;i/£20&\ 7K£-B#P^SUfci|S¥J£t£{£fflU lmA/cm 2 £g»£©3l{rc 
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^fe^M*5J;t>*l 0%7Py*>^M££t?PBS£I»$-ei/l 0 0 0 C 
fttRLtztfi VSV-G {aft: (^D-> P4D1 >>^tti) 5ml$^-J^^ 

12$£¥SI£ 2 g 4 0 ml ©PBS-0.1%Tween20[;5«iU & 

M^J@UoJ;<>-1 0%:/Dy*>^g?«lti?PBSi£fMT- 1/2 5 0 OH 
Lfe^-^^-^T-M^ftfcfci x">^ I g Gtfitt (anti- 
mouseimiDunoglobulin, Amersham ttSO 5 m 1 £ tT— — JWW ^tCAfU S'— ^ 

^te^H*2igPBS-0. l%Twe en2 0(35^g«Ls 

^S^SS (ECL Western blotting detection reagents, Amersham C«fc 0 

3H^-To3^D->T% AxCANCre iS^PWfe VSV-G ©aJHfffcitiSfU VSV-G 

V-Mffiltfiitz (H3 4)o *<D&m. LLCG-LlT(i, VSV-G 3te™«%^ 

«f*wtjn;*fc©sii6tt*««wi*n, vsv-g 9>At7nifimmmmiz%M2tiz> 

F A££lT 3-te>^^;P*£ VSV-GM£?83i*aiii§ 
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e^Ofgl^ilCi^fcc %<Dm$ks Cre 'J u > fe*£^M&glx.7 7 7 ; 
y-W^AxCANCre fciiffe L&l^LLCG-Ll-etts F £f ;i/*©*i 

&tl«fc D ^^^Ifi^m^ii, GFP^3IMi^iH£ti3<&©©, ^©HBJJS 

&t>titz<> *<D±m<o i/5*^^^n, §r£&vsv-G zmm%m,$-#tzmmz 

©±^-eMfe^A^i^GFP^«OitSP««>e>nfc 0 &#*&© 

©©, GFP^Mia©Jiip(±^i?)?>n^^ofeo &±(ommipt>, vsv-g 

MM ft C -f JUX #±1^1" set #fg#) £ ft, VSV-G }:Oya-FN 7*©F ^ 

VSV-G 5tfe^©^fi©^#^H^-Sfc^, AxCANCre ©^S (MOI=0 N 1. 
2 5, 2.5, 5, 10) -£i©F«fc^£^&U£^A£W-r^> 
jL-F^^r-fe>^^ 7 BSfr£ 8 B@©±«£[Hli&U £ 

e>C VSV-G gl^lfj, fi^©!fflK«£^s 5aS©GFP©^31UT^5W© 
m^ib^bfctC^, M0I=0 -Ti&^j )\s7>om%.ft±<m&t>ft?, M0I=10©£ 

ft-zm&^zttftiti^tz (Ei3 5) 0 ttz, jizm^mzm^tz 

8Bi£T»j^«l?,T-#£ (03 6)o ;i/^^ffi©«li, VSV-G fSilfu© 

mn&tzs iofe?^mv%mz$t%i\stzt7'()izm*Mmu ^^sag©GFP© 

%MMMZmz.ZZtlz£ !9, ^^^^^^©W^©^^™ (CIU) 

feo ^©^m, mmvj )\szm£.m& 5 x 10 5 ciu/miffe-o^o 

<4> F mfc^ZK&Ltzf S A^*1-i>^i- K*1':7-fe>*V ^*0J3t 
VSVfcxftt; J: £«-t£©f£# 
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vsv-g mwfo*m^xmt>titzY mfcTZk&Ltz? ; A^t^yi-F^ 

#£iI&U £UX3 0frmW'&, VSV-G *B#I8«UT^&1>LLCG-L1 si: 

^yASt-rs-tv^o^^xtwjtfifee.n^^^fc (la 3 7) 0 3©c 

^[Uff^nfc^^^^^ ft&tZVSV-G ^W^IItt^ya-^ 

^mw-GMfcTmnMMT-mMLtz^jjixtf ¥%.£mx&z>z.t*, mm 
MMMftm<D*>A?m<D^^zt>>Mmz£t)m^tzo ^x.x^>mmt, ± 
mzmm(Dijmiz£t)fi^tzo -imfctLx, t>vir£<9mm$titz, i/vfe> 
¥4 frxxv ?u-j-)imfa^^z£bmm$ntzffl*>^2n*; ?u 

xmm$tltztfiW¥I gGirCft, fitF* W?*ff^y ^D-«ft N OT#> 

v*jc&&m£*i3*©©. F^>^^M(i^aj^n^^ofe^^^^, f^»t- 
$>z>z.ttfmm$ntzo 

F*5j:t>" HN itfe?£*£Lfc^A£Wt34r>^^;i/*£ VSV-GjUS 
^^MJISLLCG-Ll £ £ VSV-G£« \Z M t Z *s * - K * * 7* * ;i>* © 
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?(d&^ m-GmMmmftm^vj Kzitmmtzzttfm&bbti, vsv-g t 
) 0 0 j Kxtmomfctt, vsv-Gmmmomm^ 1 o^t-ommmz^mvtz 
zmqxDMi&^vmmn^m. (ciu) **&tzo mmt>j )\<7>m.£.m\± 

1 x 10 6 CIU/ml-£&ofc 

o 

<7> ya-F^^7t>^^^^tf F££tf HN >R9m>f J 
^IIVSV-G jtfE^MJiST-timUfe^^^X^ F££I>* HN ^^1)2.1 
-t? > *W -f fiifc© * >^ £ Jfli^ffi £ il3 * Fi'.fc ?>*HN* W1 £ f£& 

LLC-MK2 5xl0 6 cells/dish flOO mm ^h- >;HI3K§> 24 

s Jfilv»^^^^V>MEM^tfe T- 1 HJft&UfcflL 3 //g/ml 0V?l/>J:IiSI 
(365nm) T* 5 #FaWIL£ T7 RNA *U ^7— t?£|g3a-r5 U 3>t'^> 
h 7 ^> - T ^ ;i/ 7. (Fuerst, T.R. et ah, Proc. Natl. Acad.Sci. USA 83, 
8122-8126 1986)(vTF7-3)£^ST- 1 ^P^«^-&^c (moi=2) (moi=2~3, $? 
M\Z\± moi=2 ^l^li5)o «^ lfo7*£^£&^MEMi£ttre 2 Hlft&L*: 
77* 5. KpSeV187AF-GFP, pGEM/NP, pGEM/P, WpGEM/L(Kato, A. et al., 
Genes cells 1, 569-579(1996)) ^^Mti 12/zg, 4yt/g, 2>ag, RTfi 4#g/dish 
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©*i±T- Opt i -MEMtgife ( G I BCO ) t!K»U SuperFect transfection reagent (1 
#gDNA/5/zl ©SuperFect, QIAGEN)£AtU 15#MggL SUfttl 3% 

FBS£^tr Opti-MEMiglte 3 ml (CAftfc DNA-SuperFect m&*S*M&£.fflaLX 

%mbtzo mmi%m&. hub*. jmrnztzft^mmMx- 2 ®m*L. *h 

i/>/?-D-77ty77y>>F 40#g/ml (AraC, Sigma) ^^tfMEM^tfetr 70 «fH 
ig#Ufc 0 Cft<b©«£±?f£HJRU **l*ft P0-d3 tf>7>fcUfc. P0- 
d3 0^1/ y b£ Opti-MEMi§Jfe£!B»Lfc (10 7 cells/ml) 0 ^ifeg??: 3 Hit 
!9?IbT lipofection reagent DOSPER (Boehringer mannheim) t L (10 6 
cells/25/zl D0SPER)^S-£ 15 OTILfc^ F*3S LLC-MK2/F7 fflUfe$£ h 
7>^7x^i/a>(10 6 cells/well 24-well-plate) U ]fil?tfc^£&^MEM}&Jfe 
(40/zg/ml AraC, 7.5Ag/m h 'J7i/>^tf)^«Lfco 3 0i*«fclF 

7 BBK±i*&l§|JKU ZtlZtl Pl-d3 Pl-d7tf>7\n/fc Vtz 0 

f^T.K KI:x>^n-7777; h* pGEM/FHNS4/zg/dishSnx.fe^(is ± 

ffitB*©*f^*ffv\ h7>^7x^^ 3 >^trofco 3 b$m&#& mm* 

s St&m*<a£-&^ MEMtgJfeT" 2Elffi&U ^> h i> >/3-Q-T 7t7777y F 40 
/zg/ml ( AraC, Sigma) i: h 'J^» 7.5#g/ml fc^frMEMigiiil T* 48 ftRJgX 
L£ 0 tg#±^£ifcim^lfil7*£^i:fc^ MEMJgtti(40^g/ml AraC, 7.5//g/n r 
U 7^>£^t?)£5ii§£ftfcl00 nm Ull 1 tt#© F 1851 LLC-MK2/F7 «BI 
»M 5 ml Srfijltfco i£«48BfP^ s 3ft £©«h±7f£[l]iK U *n 
^ P0-d4 1t>:r;u£ Lfe. P0-d4 O^by h£ Opti-MEMl^tffe (2x 
10 7 cel ls/ml), 3 0iDIlTF|61 LLC-MK2/F7 *«Mcfig(2 

x 10 6 cel ls/well 24-well-plate) U ito«£^£ftV>MEMi£%(40,ug/ml AraC, 7.5 
>ug/m hU7">>^tr)l?iS#Lfeo tg«^ 3 Bi&itf 7 Bit±«&lalJR 
U ^ft^ft Pl-d3 ££t>* Pl-d71t>7>i:Lfco Jt«0fci&, Sfl£frfc1\ 
ai>^o-7*7*^^^ K©#ftjBl0U ±IE©t^&££< l^b£&T-&ll®5£ 
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<m%Wm&<D-bt? > MC<£ £CIU©$]£(GFP-CIU) > 
LLC-MK2 SHJISft 2xl0 5 cells/well-ei2well-plate(C^^ N 24 l$IB]g££ N jfo 
MEM^Jfe T' 1 @»E»Ufe«s ±ffi©tf >rMP0-d3i=fcliP0-d4 
, Pl-d3 *5ctt>- Pl-d7)$r. H43«# 10cm 2 (ftlOMOOflOlBKOftCftS £3 
KMfcfflU lOO^l/well-CiBlfe^-e-feo 15#&M ft^£&^ MEMigfl&ft 1 
ml/well fliifco ftMgggL «ftm^TOitTT-iig U GFP&JI 

hftfrofco 
<CIU( Cell-Infected 0nit)«^> 

LLC-MK2 «ft 2xl0 5 cells/dish ^12well-plate Kf§§ N 24 
Jfll«*^*«c^ MEMtgJft T« 1 Hlft&Lfc^ ±f31t>7> (^i-ftS'W 
^*-ftSeV/AF-GFP««r) ft 100^1/irell-e«3B!Ufc o 15#&, Mft#£ 
MEMJgJfefclml/well ft]*, «?IB**Lfco JSHSL PBS(-)T« 3 0 

flUB&ftttS-B- (#JlO#~15#gMg)> Mft@£t 7- 
Hrb>ft lml/well JjQ;iit*>«»3|&t s HlF<e«**fc (^JlO^~15^SffiJ 

g)o PBS(-)-e ioo <&#f?bfc>>^«fc*)«i(*nfctt;seV7i?y^D-^;i/tftft: 

(DN-l)ft 300/zl/well ftliU 37°CT*45#Ha>f >*^- h LfcgL PBS(-)T* 3 [3 
ffi&U PBS(-)-e 200 fe%ft\,tzfc*?V*\&{YL*\>)&ftmU-Kfc& 
(AlexaTM568: Molecular ProbestttOft 300^1/well in*., 37°CT*45#F^ 
i^-hLfco PBS(-)"? 3 EJiftfrLfcgL !gft§I$(giT(Emission:560nm , 
Absorption:645nm7^;i'^-:^^*ttS)T-^$^1--5W^^Lfe (134 
0)„ 

#MhLT±iait>:7> (SeV/AF-GFP) ft lM#l/well-C0»U5#&, « 
ft^£&U MEMftlml/well flOA, ££>tl24 RM1§*& tt&©»ft*firfc>rfc 
»ftMPMT(Emission:360nm , Absorption:470nm7 4 : 7* 

«)TGFP$BRIMS*«*Lfco 
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[Hii&flii 3] kvmtyyj «>-f ;i/^^^^-«DH*u«a*iqi±©fc«>©* 

jl&9^>— 7 ;i/*(vTF7-3)©PLWUV(Psoralen and Long-Wave UV Light)M 

LLC-MK2 5 xlO 6 cells/dish 7? 100 mm ^ h U jmHK§. 24 B#F^H^ 

x M£<a£ft^ MEMtgift T? 1 0.3-3 /zg/ml ©V7l/>fcl 

ifiMi (365nm) "C 2-20 ^ffllLfe T7 RNA 'J * 7— tf Z%mZ 'J 
3>£^> h7^'>-7^i^ (vTF7-3) (Fuerst, T.R. et al., 
Proc. Natl. Acad. Sci. USA 83, 8122-8126(1986) C £ fit? 1 B3H«Rffe<**fc 
(moi=2) (moi=2~3, $?>St3l£ moi=2 #J8^ t>ti%) 0 MM*tom%<a£te^ MEM 

2 ®m&Ltz'&s KpSeV18VAF-GFP, pGEM/NP, pGEM/P, 

pGEM/L(Kato, A. et al., Genes cells 1, 569-579(1996)), *Zft?tl I2jug, 4 
jug, Zjug, JSlV 4#g/dish ©Sitt Opti-MEMtgtife(GIBCO) U SuperFect 
transfection reagent (l//g DNA/5/xl ©SuperFect, QIAGEN)£Aft> 15 
OTJKW^ 3%FBS£^t?0pti-MEMtgife 3 ml tZAftfc DNA-SuperFect 

l^^WCiJlflLt^iLfeo 3 Ifl^il, «£\ Jfll»*^S&V^ MEM 
JSJft t 2 @i$fc&U i/h^>/?-D-77ty77;^h' 40 ^g/ml ( AraC, 
Sigma) ££tf MEMtgflfe f 48 B$ISJg#bfco 100 mm ^ h Dm©$J 1/20 
IBIfi*ffi3tBiailTta« U GFP&Mfl&©#7> r Vtzo W^-Tt)^ )\>* 

tj4)\,^%%C?u p3 — )l, p291-296, 1995)£fTofc 0 

JSU^IHCttiT&ffofc. #PLW0Vffl31*ffo&7^'>-7'>^;^ (VTF7-3) § 

) UTO^Je-effofco 6vell©T^D7b-M3 LLC-MK2TOS 

5xl0 5 IMS/well-caS, «tg#L£& (lxlO 6 IMS/wellCJgJfiUTV^ 
{££), PLWUVMSHtj©^^^-^T* 2xl0 6 pfu/100/zl tftSivC?^^ 
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7»>>01/*(vTF7-3)£#IRU PBSft$£®fl|££Jfi$$'frfe. 1B#P^©^^ 
50>al CD Opt i-MEMigife(GIBCO) £75X1 h\ pGEM/NP, pGEM/P, SVpGEM/L, ^ 
LTftMSeV cDNA (pSeV18' b(+)) (Hasan, M. K. et al., J. General Virology 
78: 2813-2820, 1997) £ € tl ? tl 1, 0.5, 1, 4 n g £ An * tz % © £ N 
SuperFect(QIAGEN)£ 10/zl iPx., gST-15#fifctt LfcgL 1 ml© Opti-MEM(40 
//g/ml © AraC £i!jD;L IfflflStMLfco h7>77x^> 3 >|, 3 B 

SC:«£[I]iKU 100#l/well©PBS£!B!aLfeo C©5iM£10{^ 

100^ iooo^«ufc«^ 100^1 ioBB(D%^nmzm%i 3 
fs-ro^b^o (ixio 5 , ixio 4 , ixio 3 mmzzti?titm)o 3 b&m*> 
e»«^[niRL mmkc&v^j frxnmmomm-zm^tzo ixio 5 «&ii 

%LLtzMW(D5*>, HA 10 4 10 3 T-ttS^*: 

IM12i"J;^13OM40-4 3, 2 Ctj^o ^>-<n- 

7%m77X ^ b* ^lfflM«©m^^to^H<fc^SeV/AF-GFP©ff^»©|p] 
±#5tE£ft/t 0 P0 mftm) ©d3~d4 (3B@~4S@) K&VMT^ £U*afc 
«#E#>£)ft£ (04 1 ) 0 H2-£& N h7>77i^>3 >^3 Bg©«£9fl 
£igiIL£o 0.3//g/ml©V7l/>^Jg-e 20^©M^ g&S«f/M)Wi§ 
(3B§) Ztfrh, Z(D£ft*mm&ft£Ltz (*2)o 
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[nmmi 4] GFP££i;&^LacZflMR F fcfcSH?>*y*-f 

<LacZ jtfi^P&^fc F SeV cDNA ©Hf^> 

HflS^llB«© pSeV18VAF ©NP *e*±««fc#£-r3 Not I ^Mftic 
LacZ Stfc^&iSttLfc cDNA ( P SeV(+18:LacZ)/AF) fcHfUlT^fcto PCR C£ *) 
LacZ it£^©iftI£fTofco LacZ Mfctt 6 Of&R (Hausmann, S et al., RNA 
2, 1033-1045 (1996)) Cfcfc*, 5' NotI M^lfcr?^ 

V- (5'-GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA-3'/@E?!J#^: 1 7 
3'*H SeV©te¥«HS^^;i/ (E), ^£IE?'J (I) fcitf^H^^ 
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)V ( S ) £ n 4 b s NotI EJKrasffi&tt-5bfc7 , 7>fT- (5'- 
GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTCTGACACCAGACC 
AACTGGTA-3VIE?!I#^ : 1 8 ) £flH\ 7*5 7x^ h* pCMV-/5 (^D->f^tt 
C!) S*gfcLTPCR£jfcfcfrofc. EJfc&fF-aU pCMV-/? 50ng, 200 /zMdNTP 
(77Hy7;WtfW, 100 pM 7*^ Vent *'J^7-Hf (-a 

94°C 30 g\ 50 °C 1 fl\ 72 °C 2 #©£j&Sg1M 7;1/25@T-*t ^feo SJtl 
%^7'^o-x^>«m*i&-r-M^> 3.2 *n^-7s©»rtt-£i2]t)tau *ft£ 
NotI t^0lfL^ pSeV18+/AF Not I Wmfr t 5 -f 7- ^> 3 > b T 
pSeV(+18:LacZ)/AF £f#£ 0 

LLC-MK2 $l/f§£ 5xl0 6 cells/dish T'100 mm yiIIlCil§#x 24 mffl%%'& 
s Jfo}i}£^£&^ MEM Tf 1 0&&bfcgL 3 //g/ml ®7 7l/>^gMM 
(365nm) 7? 5«Ilfc T7 UNA *U ^ *%Mt2> U 3 > t^> h 97 
>>-7 > '7'1'A'7n(vTF7-3) (Fuerst, T.R. etal., Proc. Natl. Acad. Sci. USA 83, 
8122-8126(1986)£^fitr mM^ftfc (moi=2) (moi=2~3,$f jgtli moi=2 

&m^tiz>) 0 mm^stm^t^-m^ 2Wik&\stz&> i&cimm f^ 

9zM-b>VJ »W;i/7x^7#- cDNA (pSeV (+18:LacZ) AF), pGEM/NP, pGEM/P, 
ST>*pGEM/L(Kato, A. et al., Genes Cells 1, 569-579(1996)), %Ztl?tl 12 
jug, 4/zg, 2//g, 4/zg/dish joXTf^y^u-yy? Z ^ h* pGEM/FHN 
g/dishSn^ Opti-MEM(GIBCO) fcSSilU SuperFect transfection reagent (1 
yUgDNA/5/zl ©SuperFect, QIAGEN)£Aft> ^ST* 15#lffl;tt*&x 3% 
FBS£^tf0pti-MEM 3 ml tlAftfc DNA-SuperFect rM-£tl£lfflKttbTt£# 
btzo 3 MigligL «£s rtL?»££3;&H MEM f 2 
-D-77t7 77;-> K 40 Ag/ml (AraC, Sigma) t h 'J7«>> 7.5/zg/ml 
&MEM7; 24 BffigJgltbfco ^3l±ii£& MEMtg%(40^ 
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g/ml AraC, 7.5/zg/m h >J^>>&^tf) CSSSISfifclOO n^hWlft^ 
© F LLC-MK2/F7 jBUg&Sft 5 ml ^Illto $ h Ht£H48BSP^ Zft 
£©i9lllSi:±i££l9]JKU *ft*ft P0-d3-9->7-;i/h Lfco P0-d3 U y h £ 
Opti-MEMtgJft fc!8»L (2xl0 7 cells/ml), $glfe#& 3 HSStJELT 
lipofection reagent DOSPER (Boehringer mannheim)£*g-£U10 6 cells/25//l 
DOSPERmST- 15 #IHfl«LfcSk F»S LLC-MK2/F7 iM*£b7>X7x£ 
i/a>(10 { cells/well 24-well-plate) jliLi*£^$&VNMBMJgife(40#g/ml 
AraC, 7.5/zg/i h U 7'>>&£t? )T*ig* Ufeo Jg*&7 BB £±$11*0*1 U 
Pl-d7tr>7°;i^ Lfco ££K±ii£*£12-well-platet}S^fcF$B3a LLC- 
MK2/F7««t; 37°ClWm MEMtgttl [H^Ufc^ Jfttif^^ 

£ft^MEMtgJtt(40,ug/ml AraC, 7.5>ug/m h »; 7^>>£^tf )T-ig# bfco Jg#& 
7 BB£±i*&l§lJfcU P2-d7-^>r;uhbfco £&fc±i*±*& 6 -well-plate 

izm^tzmm llc-mk2/f7 iffljia^{i 37°cn£Hra&&> mem««i tgmx— mm 

WLtz&. lftt?»^^S^VAMEMi^t(7.5>ag/i r- 'J 7 , ^>S^t?)T-tg«Lfco £ 
#m Bif;:±?i£[§H&U P3-d71t > 7> £ Ltz 0 £ ££±?i£S£10 cm plate 
£»^fcF»S LLC-MK2/F7 W1*(; 37 °C 1 MfS&gL MEMJgtH 
^tfe^s lfil}i£^£&^MEMigife(40;ag/ml AraC, 7.5^g/m HJ 7**>>£^tr) 
-r*^#tfeo Jg*^7 BB£±ft&lllJRU P4-d7-9->7-;i/^Ufco 
<LacZ^31«©* > h C «fc SCI0O«|^(LacZ-CI0) > 

LLC-MK2 2.5X10 6 cells/wellT'6 well-plateClStN 24 BftHJg&gU 

JfiU»*££fcV> MEMigflfe T* 1 Hffi&bfcgL P3-d7CDl/10#3R^5U*MEMJg»t? 
fflHU 37°Cira«&, MEMJgJfeT— Effi&U 10%M^^tfMEMtgft 1.5 
ml *mm\stco 37°CT*3B^#^ SMSS/J-Gal ffefi** r (OthD^x 
£«kD*fiUfco 3 0©H»CDiem*ia4 4H^to LacZ&feH14«& 
aife^ U-fft©*§£T*& P3-d7f->7-;KZ*5^T lxl0 6 CIU/ml 
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mmm 1 5 ] ^^^^zm^m^mmmLtzm^^mmo 
mm 

<SeV4V AcDNA©P^> 
-b>y^ >W;i/* (SeV) ±:K>!7V AcDNA, pSeV(+) (Kato, A. et al., Genes 
to Cells 1: 569-579, 1996)©cDNA(;fffe^ Not I h£&3HK^©** - 
h 4^ ;U ^ ATGjUlRF^ v ^ ± )l(D m £ a? A t o « XHm t b T £ "f , H 4 
5(A)©£ot3pSeV(+)£ 1 S'pA I/Sai I«fb UfcHfttf (2645bp), C7a lX-mtbtz 
Erfr (3246bp), #VC/a I/£co RIT*$Hb Lfc»rM- (5146bp) fc^ft^ftTtfn- 
X*§LMJ-e#8t, M^-TS^*> K^tODaits QIAEXII Gel Extraction Syste 
m (QIAGENttM) T"HUR • mm Ltz<> Sph l/Sal If$<b Lfc$rtf-«LITMUS38 (NE 
W ENGLAND BI0LABS#SO> I-?:#tfb Lfc»rK-£: Cla l/Eco Uxmit Lfcfrtfii 
pBluescriptll KS+ (STRATAGENEttSO 7—>3 > U V7Zu-zzyy 

LTzo Wil^XNot IiM h©#At(iQuickchange Site-Directed Mutagenesis k 
it ( STRATAGENEttS) £$ofc 0 ZMtKDmMzm^tz?? 4 x'-ttNP-PP^ 
fi-te >;*tl : 5' -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (SE^Jff^ : 1 
9), T>?-t>7>$% : 5'-ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' (IE 
#J#^ : 2 0), P-MF^T-(i-fe>X$I : 5' -gaaatttcacctaagcggccgcaatggcagatatc 
tatag-3' (S^JS-?- : 2 1 K T>5 1 -b : 5' -ctatagatatctgccattgcggccgc 
ttaggtgaaatttc-3' (IE?iJH^ : 2 2), M-FP^T*(i-b >*il : 5' -gggataaagtccct 
tgcggccgcttggttgcaaaactctcccc-3' (K?iJ§^ : 2 3), T>^-fe >X$f : 5* -gg 
ggagagttttgcaaccaagcggccgcaagggactttatccc-3' (E^!J#^- : 2 4), F-HNFaltti 
-fe >Z.M : 5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (IH^JS^ 
: 2 5), T>5 L -fe>^IS : 5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcg 
acc-3' (E^'JS^ : 2 6), HN-LF^tfi-te >Xil : 5' -cctgcccatccatgacctagcggc 
cgcttcccattcaccctggg-3' (IB?'J#^ : 2 7), 7 >fHz >*il : 5' -cccagggtgaa 
tgggaagcggccgctaggtcatggatgggcagg-3' (iE?!J#^ : 2 8) ^Jl-^ft-nfiJcb, 
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mmtbzmm&saii/sphmfr, ?m. mffbTOui®?^ fhwhu mmtcia 

l/Eco RIif>t$:'en ; en±H3-e-9-^^D-n>^Lfc*)©$fflV>TQuickchange 
Site-Directed Mutagenesis kit© :/n h3;W3t£l\ mXZ'rt^tzo ^Xbtzb 

■i >f J AcDNA^T-fe >^'J Vtzo Z(Dm^ 0 4 5(K)(D&ofc&Mfc?mizmtz 
iZXotltimXLtzmn (pSeV(+)NPP, pSeV(+)PM, pSeV( + )MF, pSeV(+)FHN££tf 
pSeV( + )HNL) £>f )\/7,>f J AcDNA£flt^Lfco 

7*~fe* (SEAP) §PCR-eit7 r ^D-^>^Lfco X^-f v-ttti4sc I ftJUBf^ 
h fef^iP Ufc5' 77 -f : 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcc 
tg-3' (BB^JS-^ : 2 9)> 3' r^T— : 5' -gcggcgcgcccttatcatgtctgctcgaagc 
ggccggccg-3' (K?'J#^ : 3 0) &£fifcU PCR&frofco 8SiKI±pSEAP-Basic 
(CLONTECHM)s mmt&Pfu tourbo DNAtfV^—tf (STRATAGEMS) 
i^fco PCRgL mm*Asc Itiftb, «^acttCJ;t)IHH- EURtfeo it^^n 
-->n§777^ h*^ bTpBluescriptll KS+©JVot IiM htW^n- 
->^1t^ h (itoe I-i4sc I-Sra I) h^^^7"^-«gE^J-»v^;i/^tf 
$£IDNA l-ty^m : 5'-gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaa 
aaacttagggtgaaagttcatcgcggccgc-3' (@E?Wf:3 1), T>5 L -b>^H:5'-g 
cggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtttaaacgcggccg 
c-3' (MS^: 3 2)] *mfr&/vtzt)(D*ttmLtz (E46) 0 ZOr^XX 
YOAsc IiM MCtt» • @]i&LfcPCRjS«^y-^3>U ^o-->^*t 

tzo zn*m iT*m<bbzsmmfc?Mfr*m%ifk®T'\£\m -iil ±ib©5 

aS©-fe>^-f <W;i/X^V AcDNAi:pSeV18+©Ab£ Ii^-r h itZ-Zti^ti? ■< >f— 
^^>UII^^i^fio €ft^ft©'M;i'*^*--£pSeV( + )NPP/SEAP, pSeV(+) 
PM/SEAP, pSeV( + )MF/SEAP, pSeV( + )FHN/SEAP, pSeV( + )HNL/SEAP4od:t>*pSeV18( + ) 
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LLC-MK2«£2xl0 6 cells/dish -eiOOmm:^- UCSf § N 24B#F E a&ig«&> 
V7l/>fcUVJJL3l,fcT7Jtf>M7-" V*mitZ> Un>t:^> hVti'-Tt'f 
(PLWUV-VacT7) (Fuerst, T.R. et ah, Proc. Natl. Acad. Sci. USA 83: 
8122-8126, 1986. Kato, A. etal., Genes Cells 1: 569-579, 1996) fcgS"Cmoi=2 

cDNA> pGEM/NP, pGEM/P N :fc < £t>pGEM/L£€tl^ftl2,ug, 4/zg, lugs Rmjug/dish 
OfiifeOptiMEM (GIBOCOBRLM) 110^1 ©SuperFect transfection 

reagent (QIAGENftiO ZXtiXU&L, MT'IS^M^ SHft£3%FBS£ 
^tr0ptiMEM3ml£in;U MH^iP LT3~5M*glibfco mM^skm 
£^£&^MEM-£2[I]&?f U ^ b i/>^-D-77 MJ 7?; 5/ K (AraC) £^t?MEM 
T-72^^^#bfeo CIft£>©«£le]iKU h^lml©PBS-r*^®Ls 

MM*3®m*)M\stzo zhzzioBmmw$-£tznmziooummL, 35°ct-3 

t.^±LT-80°C(;x h L£o^ft?ft©^^;*^*-££SeVNPP/SEAP 
, SeVPM/SEAP. SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/SEAP£cfct>*SeV18/SEAP£:-r3 

)o 

CV-l«£6well 7b- Mllwell&fcD5xl0 5 cellsiroif 24B»SltL 
tzo PBS&&gL BSA/PBS (1% BSA in PBS) T*10"\ 10'\ 10* \0\ 10" 7 izftffi. 

btztmz-Semmmj >*a^-^3>ufc^ pbst*^^ bsa/mem/7#d- 

* (0.2% BSA+2xMEM£^*©2%7#D-*£?g£Lfc&©) £well&£ D3ml-f 
oliU 6BP^37°C, 0.5%T*ig#L£ o 3ml©:n* y 

: #16=1:5) £iDX-> 3KfMIL, T#D-*^&m£Lfco PBSf 
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a^-^s>tfeo PBST'Hl]&#gL 200{g#^L£Alexa Flour™ tlfSH^ffi 
^tf^IgCG+H) (Molecular Probett) ^Aa^T^ST'l^^ >*a^-v 3 > L 
fee PBSTfHIUifc&gU ^^-vT 7 ^-^ -T+f -LAS1000 (S±7^;i/A) T- 





SK*- (pfu/ml) 


SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNL/SEAP 


7.1X109 



<u#-*-»£^fc3S0ittt> 
LLC-MK2«£6well 7"U- h Klvell&fc D 1-5 x 10 5 cells-fo3§#> 24B#H 
;i/^^^^-*ioi=2«lfi!$#,24«fia^«il±r»*100^1 E 
JRU SEAPTy-t?^ Zff-Dtzo Tyk4 fiReporter Assay Kit -SEAP- 

*frv\ ^y^-^z^^-tf-LASiooo (S±:m;wO mtbfco gf£ 
ttttSeV18+/SEAP©ffi*100^ur*n ; enffiW<iti:LTaLfco *©<S*x EI 4 

8{i^bfe^rn©M{csEAP^fe^^#ALfc^T-*sEAP?s^^m^nfc 

o SEAPrSi4tt^yAOT^{C{iSt-i>{C^o-CT* J Ds iTfcfct.SgSiStfT*^ 
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© m iz sEAPite i- & m a u it * 7 * - © * ^ © z n fe 0 

m&m ^ s seV£ 4 onmmmx i±, T7 rna# y * ^ -h* * asrr 

^ItHo UfrU ^ 7 V7^7T-&l^7^7©F^HNg6#i|fflJ§£il 
£>tiT03 (Lamb and Kolakofsky, 1996, Fields virology, pll89)o -£ftfifcFHN 

Of tZmttZZtlZ «t fjFHN&fcfc*^ ^7[llK»£7<# < [Sl±t 

10ci«BiaJ§iimtC 100% 3 > 7 U > MC & o £LLC-MK2$fflJ® ( 1 x lOVdish) £ 
PLWUV-ilttH V>7i/=.T*noi=2X£UiZl&\,\Xm%£lftm&s d2EGFP & t S 
FHN^&cDNA (pSeV18 + /AFHN-d2GFP (H»J8) , pGEM/NP, pGEM/P, pGEM/L, 
pGEM/FHN£^-ft^fu 12^g/10cm dish, 4//g/10cm dish, 2/ig/10cm dish, 4ju 
g/lOcm dish, 4/zg/10cn dishCfitfCil^U (final vol, 3ml/10cm dish), ft 
SuperFect(QIAGEN)Sffl^Ts Wai/feF^^-f ^7©?|#£fgh 

mmMmxiic-mzmmizmB^mxLrzomB^mxsmm^mm^mMm^ 

tt-C3@ifc&U f£3§31^(1000rpiii/2inin)tfiJ^n^«$:l5llRb> :>b:>>/? 
-D-77 tV 7 7 7 ^> h* (AraC)40/zg/ml, SIGMA), h U 7^>(7.5//g/ml, GIBC0) 
&^tr<Z>AlJ&L?IINEIf^J(bK=!BSB Mliatcjbait. — «fe^f* U fcoBUifcKiffljit U&IOch 
*s + - 1/ 100% 3 > 7 U > h \Z o feFHN#*6»IMS* 7 5 s 7 7 <f ;i/7 AxCANCre 
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£M0I=10T?l6£BS$gL 4B3ISU mffl, mm, 2B§> 3B§©*lflflS£ J £n^ti5inl 
PBS(-)T— Ifllffi&U cell dissociation solution (SIGMA)C£ t>*fflMftJ#L 
,i£iiis^(1000rpm/2inin)T"m^»^AraC(40^g/ml, SIGMA), h 'J7^>>(7.5 
/ig/ml, GIBC0)^^tf©»Jfll?iMEMigtfe(3Si®Lx FHN£^£->^ ;i>;*©M^ U 

fern (po) izmz.-mt%mistco mm.mm^B^mtwmxmm^m^ 

^Ufco (£) £it^ i|iH!]|&*MLfc»'& (6) a 

m $ n ^GFP^3s«#gi^{3 ^ < m#> ti & c z n h 0mm & ®ir 

U 10 T «ffllia/ilO0pti-MEMJgflb (GibcoDtCJiSU ZWmgffl&btz? 4 -fe- h 
^SMb-r2S^OFHNit^MJia(cl0 6 cells/100,ul/wellJi§£U 
AraC (40^g/ml, SIGMA), h D 7°^> (7.5//g/ml, GIBCO) £^t?©&MMEMJ£ 
%T\ 37°C 5%C0 2 ^>^a.^-^--e2BP^#bfeP«^#±?t©^'1';i/^ 

^jffi$ciu-GFP-e«ij^tfc (^4)0 zcd&W:, mmmmm&imm-zizvj 
<Dmmmtm& tit. mm 6 ^p^wt©«in: ^ zm^mftmrnai 
sbztitzo mz, p i mm±m^izm^titz^^ km* 6 iFiiciiisiit?. 
^^Mj■u^v^^(;lt^lo^^z±ofco 



3! 4 y^;i/^^AF-HN««S^{CctS^SeVii*i 



GFP 


-CIU 


xl0 3 /ml 






FHNcell+ad/cre 


FHN 


cell- 


4h 6h 8h 2d 3d 


8 


-10 


6-9 80-100 70-100 60-100 20-50 
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> Ffc£S'TJ& ; 5£fc* J *B£ftfc (050), 

VSV-G&SM* ft ffl V m: f# ft fcF£ £ tffflBBfc^ ^Ife^^A^tS^i 
St#&«£U ^-e30^#S^ VSV-G&B#«3SbtV^«cVMLCG-Llffl!JiaC!B 

vsv-g) tt, jftvsm^JSSHfto^^w^Bto^nfe^ »®»ft*-r 

5-fe>^^>f;U^ (0* F,HN) T'iiimM^E^^n^^ofe (05 Do 
ft 5 d £ tfHH e> .*» £ & o fc o 

f * * wwae ? * ^ t fc y > a ft w -r s ^ =>- - k * * > ^ ^ •> ^ * * © 

#®*ig! ft ff o fc o20~60%© 7' "5 v x > h ft 2 M tz *s a m&i* t ■> 4 * * * 
ft±Jl£-t!\ SW41n— # — (Beckman) -£29000rpm N 15M6B#f§j®i&l>ftfr ^fco 
jSS^&^a-^OteCft&HU^ 77^S/a>3l/^^-*C300jt£l-ro^HU 
fc 0 SB&toMTx F«G : f*SVM4F*«tWHH3lfi : f&^tfcy>'^4*b 
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*© * > ^ * R£ «fc t>*HN* > ; ^ vsv-g* y > w Kit m y ? ? > 3 > £ 

&{ii£ft£&©©s F*>/^«&&ffi£ft&fro££2:fr<^ Ffc*Sh>.x-K 
i-K^>f r-b>^>f e7^;u^-?i± N -feVf-fO^^^C^W^Is VSV- 

wynvw&ny^? v3 >ttfea^n5t»©fflx F:fc£TFHN*>^!gttt&a5 

ifeSitWIB^nfe (85 2), 

^ 4 r-fe > 4 t «t 5 

^ 4 & S ^fcfc#*<Z)ft»£*! 3" 3 Hr £ £LLC-MK2«£*i§&£ 
3B@C1% h U^M^M^ijn^.4 e C-e30^#K^x GFPS^mtfe«/i 
ggig^llf:. ^©*S!^ Fl^^bfc^rVA^tS^'f;^ (SeV/ 
AF, 43«fctfVSV-GT?'>a-MhLfc SeV/AF(VSV-G)) *>x- h* * -f 7*-fe >**-f 

Z>isa.-Y#J 7*yV4~ t?4 fr* (SeV/AF-HN(VSV-G)) $%iMM±lzm 
mt±<&%X^te^ZttfiWibfrt-&^tz (153), 

[mmm2 n Fite^^^tfe^yA^^-rsvsv-Gs/^-h-^^7 > -fe>^ 
4 frxomwtomz, »nac«S!!«3 Bi©*«iJBc«stfeGPPji*Fiow 

cytometory&fflU-t^UfcoFitfe^&^Lfc^VA^W-rSi'i-K^^T- 
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&^fLLC-HK2«IIS*3> hn-^tbTJt«*fTofco *©*SHs t 
«HRAT©^»«^ LLC-MK2ffllfla i: if ^ M tt «c ^ o A*. TUBBS^© 

5 4)o 

[«^J2 2] NGF^^^«b^F^S-b>^MO^^X^^^-©^ 
<NGF/SeV/AF©ffflfj$> 
NGF/SeV/AF©f|^(i±I3r^>^D-7 , r5^ * K + K 

<NGF/SeV/AF© $ 7 > AStB(RT-PCR) > 

NGF/SeV/AF*-Ol/*$V A (HI 5 5±) WBtifc^ LLC-MK2/F7«fr & 
®JR£ftfcJ&#±i*fcjiifrLfc8L QIAamp Viral RNA mini kit (QIAGEN) «© 
7"D h3-;i/tt*oTRNA}ftaj*fTofc 0 £©RNA£SUPERSCRIPT™ ONE-STEP™ RT- 
PCR SYSTEM (GIBCO BRL) l)RT-PCR©7 1 >7'U- h^i5ctt>TCR^ff ofco 
ttMSeV cDNA (pSeV18 + b(+)) (Hasan, M. K. et al., J. General 

Virology 78: 2813-2820, 1997) 4ffl-V\fc 0 PCRT"?^ T-ttNGF-N£NGF-C£ffl 
^Tfrofco NGF-Ndo^Tti, 7 * 9 - K : ACTTGCGGCCGCCAAAGTTCAGTAATGTCCA 
TGTTGTTCTACACTCTG (EfllS-t : 3 3) N NGF-CKo^TteU "J/*—* : ATCCGCGGC 
CGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGCCTTCCTGC ( SE?!J# 

: 3 4) £<£fflbfc 0 ^©ISHIx NGF-N^NGF-C^&T^ v-Cffll^ R 
T^TT"NGF/SeV/AF(iNGF(;^S^^/-{> K^tfi£ft£ottMSItli^> Htt 
tfctB£ft&*Pofc (0 5 5T)o 

&(D%m.£in vitror£t$$j£ 

m$n&m<im&®%m\±s mmocmm^itmmcmyu- v cii-tjconf luent 
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tz mm <* -y- tz llc-mk2/fi& u &llc-mmbs zm^xft-otzo NGF/sev/ a f, 

NGF/SeV/ A F-GFP & LLCMK2/F MK, NGF/SeV#T>' GFP/SeV ti LLC-MK2 $ffl AS tC 
m.o.i. 0.01f!«£-t!\ 7.5^g/mLOTrypsin (GIBCO) £^Jfitff£^i;&OMEM 
tgiftt-3B^tS«tfc 0 3B^{ilSlOO%©«A^Lfe^(;> TrypsinWJfiL?i£: 
«^^^^MEM^«!lt»UMt3aF^tg«bfco ^ti^ti©ig#±?f£lH]iK b 
, 48,000xg(ct60^»^> ±?f C:o^TNGFMfi©£*Win vitrorStt$J£ 
^ffofco *^WJtli> F^^^SeV (NGF/SeV/ AF, NGF/SeV/ A F-GFP) (0 5 5 
#J80 ^LLC-MK2/F«{z^^-frT^?.^ i« m.o.i. (^J^«l^^li3) £?i 

NGFMfiC^MttELISA Kife&3NGF Emax Imiuno Assay System (Promega) £ 
fijfflbfco 7n h:3-;Mi^tt£«©^«o£ 0 NGF/SeV/ AF, NGF/SeV/ A 
F-GFP#7JNGF/SeV©{§&«ig#_hii Wz\ZZtl?ti 32.4/zg/mL, 37.4/zg/mL 
St>* 10. 5,ug/mL©NGFMfi ©#£«!?.£ ft£ 0 NGF/SeV/ AF, NGF/SeV/ A F-GFP 

(DmmmMt%m±mwz&, mmmcDmrns bNGF/sev©««i#ii± 

jfi^©NGF^ a* il |s)ligr*$) *) s F^^^SeVt £ ^ T £> +#S©NGF©3SSi#& 

NGFS6©invitro?gttii£kt -V h U ©SaMMTCfc S&»£Igi5©«;** 
e«ljed»^«^1?©^#lfJ*?Stt*ffi1ltfTofe (Nerve Growth Factors 
(Wiley, New York), pp.95-109 (1989))„ KlO0fi^©-7 h UK«t D^ffittS 
giS^r^D tB 0.25% Trypsin (GIBCO) tr37°C 20^ilt^ii( bfco 100 units/mL 
©penicillin (Gibco), lOOunits/mL© streptomycin (Gibco), 250ng/mL© 
amphotericin B (Gibco), 20 n M © 2-deoxyuridine (Nakarai), 20/zM©5- 
fluorodeoxyuridine (Nakarai), 2mM L-glutamine (Sigma)&tf5%©jfil7i £<at?M 
s/jlzi-Z ©D-MEMtgtfe £ figffl b > 96-we 1 1 7* 1/ - h IZ lwe 1 1 tb tz K) «00{@ ©M 
fgKt^**HIJ&bfco7l/-M4polylysin3- h b£96-well7"b- h (Iwaki) 
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fcSKlaiinin (Sigma) Tu- b LTipH Ltz 0 «#H*e«FC3 > h D-;UT?fe 
*NGFafi*^li5fet=il«LfeSeVlS*a©«*±ill**llPUfco 3B&, iSIT 
■ClBfiftiMK'f 5t«C> Alamerblue (CosmoBio) £»L^ h 3 > K U 
i.jfTcrS^^Jif^i: LT (530ni^iajeufc590nma)^^3SfiS«S^) 4IE©^ 
*£fTofc 0 3>hn-;i/ (NGF«*ftb) SVSeV/N-iDS-GFP (GFP/SeV) ©Jg 

^W^#±?i©^n (i/iooo«) ■mHgft©£«tt*s**&#sift-efc-3 

NGF/SeV/AF, NGF/SeV/AF-GFPSt>"NGF/SeV©^^HB^ig#±}«^^*D ( 
l/1000##O f^CiiiCct tK Hil : ^m^Jg©±#* s M^tt4«W^<^ 
#«8iStt££LT^3fc$J»<*ft& (E5 6)„ ■€ bt> •£©fiU±ELISA£«k D 
^feNGF^a*©«(ZE^1-^^T-feofcol^«©Ci:«MTT-iamW 
tz&ttH^ft, NGF/SeV/AF, NGF/SeV/AF-GFP^W/SeV©«*«£»±ii£ 
iijta-f 5 MIS^©tiUPhgi«^M* s ^^nfc (05 7) 

o m*>. HGF»«F^*fflSeV©«»K:J:or*?»*ii*NGFH:SttSfcUT»3«U 

1) Adeno-Cre©moi^E^^FP^ 

g & 3 Adeno-Cre©moi r> TLLC-MK2/FH«£ ^FS £ ©$8SI£3f $ L 
^ gfi©^S£tt©B&^b£ii^£o 

moi=l©^^Jrt^moi=10©^^M^™^ofcA s (05 8), g§»^6h 
, 12h, 24h, 48h»©*a**il^fei:C5x ^1*ft&»*&48l$IBB KFgfi© 

£fz, moi=K 3, 10, 30, lOO^Wtc^ UT«ilS©J&!i&fb£ Wft^fig 
Lfc#, moi=10^-e^«P^tH^©M^Etoe)n^A i ofc:A^ moi=30W±C:& 

5tmiitt«^nfc (i5 9)o 

2 ) Jftftft 

LLC-MK2/F 13 *f L T Adeno-Creg o T Fg G © fS39 b T £ 7tt £ T*mtt L 
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v — & o t «s * - >m- a ^ \z m a © ^ s u & 

LLC-MK2/F«MS£A*U -ttJS*tfc^ «Jftft*?)l»*PBS7f-III*»L"C*»e) 
, 3.7%©Formalin-PBST*5£f E g@£bfco ^£©&> PBSTJ«lfi&-!Ilifc#bfcft, 
0.1% Triton X100-PBST*53«iI bt s J/iFS * y £ P ^-;i/ffift( 7 -236 )( 100 
f§#^)^FITC^Uj¥ln^^^IgGm^(200^)©je^iilBS^MtT, 

*OlS^ 7ftB**e«tf^Ufc«Ma©F«a©»?i«K:SI4a:fr"3fc (06 0) 

ft, 20^ a * tzMtt l fcMS^in;^T*mi*i0FM a ©#«ra^is^fc £ 
mm&wi%$fttz (06 Do 

feUlOfe**^ F^SSeVCD^E(lM^15fti^T-©«^S^ Ul^ 
[H»J 2 5 ] GFP-CIU^iriSeV-CIU£;©*@H§f^ 

2S»©^8ctcfcSCIU (Cell-Infected Unit) OSH^*g*&ffiMM^*8i^fe 
o LLC-MK2«£2xl0 5 cells/dishT?12well-plate£3#£ N 24BW£#£L Jlili* 
&^£&OMEM^Jfrt4|I]ffi&Lfc&> SeV/AF-GFP£100,ul/well^«!l/fco 15 
ft'&s jfo^££g;&^MEMJgtt£lml/wellin;U ^ 6t;24fifS^#tfco ±g«^s 
PBS(-)t?30&#Ufc^ «Blfi*«g»^*(»10fl— 15^fiM), «£@£<r 
T-fe h >£1 ■l/welli0;til'fc£flfc*)l$&s lltf&*<*#fc(8Jl0#M5 
^Mtt)oPBS(-)r400^#fvLfe^^^<fcDilii^nfemSeV^U^n--^;i/ 

fatt(DN-l)£300/zl/wellftn;Ls 37°CT*45#|gk >*a^- Y Ltz'&, PBS(-)T>3 
mmftls, PBS(-)T'200fg#)|Rtfe^'>-9- :J rIgG(H+D)^tifS-^^ (Alex™ 
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568: Molecular Probes|tM)&300//l/welli0x., 37 8 C-e45#IHW r b 

fcoPBS(-)T*30ffi&Lfc^ M#E»fcT (Emission: 560nm, Absorption: 645nm 

nmtLX SeV/AF-GFP £100,ul/well-C'« U5#gL fat* fc^MEM 

mT (Emission: 360nm, Absorption: 470nm7 -f frt—.v-i fcttSO HGNftffi 

St©l«^libbtlii§iibfcJ:C5> &$?fc$IH£*bfc (HI 

6 2) 0 

1) -fe>*W <M (SeV) £ft>rV AcDNA, pSeV18 + ©cDNA©yy A*©^ < 

2) •r"m«3gbfeSeV^^^-cDNAt"7;i/f-^n-->^'-9-'f MH^Ji:^W$a 

1) ©»£, *;U5SfcLTtt*-*\ pSeV18* 4Eag 'iTfffiibbfcWrfr (2644bp 
), ClaIT'^{bbfc»fM- (3246bp), ClaI/EcoRIt*^b bfcBftf (5146bpK W 
Eco RIT-iBfbb&iftf- (5010bp) «ft**L7:tfn-;**&JMtrC£* ttMi* 
K*tSDDttiU QIAEXII Gel Extraction System (QIAGENftS) • M 

S^bfco Eag IT*Mbfc$rJti£LITMUS38 (NEW ENGLAND BI0LABS1±S^)n Cla It- 
$Hbbfc»r^ Clal/Eco RITfiHftbfcKltx &tfEco RIT-M bfeBrfrtt 
pBluescriptUKSi (STRATAGENEttS!) C^-fy-^aVU It:/* o-^>^b 
f :o 8g^Tf8IIKil*-»M r-©«fc8K 3*A£ttQuickchange Site-Directed 
Mutagenesis kit (STRATAGENEM) £{£ofc 0 

fflmMMVJ r-0««£fiSal I: (-fe>XlJ0 5' -ggagaagtctcaacaccgtccaccc 
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aagataatcgatcag-3' (E?!l«- : 35), (7>f~fe>*g0 5' -ctgatcgattatctt 
gggtggacggtgttgagacttctcc-3' (iHJUS^ : 3 6), Nhe I: 5*-gtat 
atgtgttcagttgagcttgctgtcggtctaaggc-3' (@B^iJS^ : 3 7 ), (7 
5'-gccttagaccgacagcaagctcaactgaacacatatac-3' (@E?!JfMj : 3 8), Xho I: ( 
-fe >;*£!) 5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (@E?iJ#-*3 : 
3 9), (T^-fe >Xil) 5' -ccaggtaactctttagtgactccagcctctctagagagttcattg 
-3' : 4 0), S£fflmX*A£l±NP-Pn : 5' -gtgaaagt 

tcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (U^'JU^I : 4 1), (T>f- 
-fe 5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (£ 

?>J#-t : 4 2), P-MFe3 : (-fe>Xil) 5' -cttagggtgaaagaaatttcagctagcacggcgcaa 
tggcagatatc-3' : 4 3 ), (7>^-fe>*il) 5' -gatatctgccattgcgccg 

tgctagctgaaatttctttcaccctaag-3' (IB^'J^f : 4 4), M-FS : 5'-c 
ttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (iH?!JS^- : 4 5), (T> 
f-fe >^H) 5' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (H^'Jfl 
: 4 6), F-HNfig : (-fe>^il) 5' -ggtcgcgcggtactttagtcgacacctcaaacaagcaca 
gatcatgg-3' {W&m^: 4 7), (T>?-fe>Xii) 5' -ccatgatctgtgcttgtttgag 
gtgtcgactaaagtaccgcgcgacc-3' (ffi#J#^.: 4 8), HN-LF^ : 5' -ccc 

agggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' (IB^JS^ : 4 9), (T> 
ftVXi) 5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (I5?!J 

50) s^n^n^jEacLSjtstfflVNfco ^xm, ^n^n©»f)t*±iBi5i 

2) ®il-n, (-b>Xil) 5'-ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataa 
gaaaaacttagggtgaaagttcatcac-3' (E^J#^ : 5 1), (y>^-fe>X||) 5'-ggc 
cgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaaccgttaattaagc-3' 

(IBJWf: 5 2) &£jeSU £il^ft©£f£DNA£ 'J >M U 85°C 23\ 65 
°C 15#, 37°C 15#, 15#T*7^-<j SeV cDNA^fl^&tfo 
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^(ipUC18^fcttpBluescriptII^OT;i/^^D-->y-b-/f Y Vi- )V- 
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1. (a) PVftVJ )]/Z(D'J>l£< fcfc— 30x>tn— W**H 
^IL^lUoliai^L rty **V«W (-) 

RNA, (b) g (-) «-*«BNAtJ;0 3-K$n5. KENAC^t*^ 

2. (-) II-#f|RNA#NP* W^ft P#W<?gs iS^tfL* 

3. (-) m-*mM-&*>¥4 ^-f^acs*-*-** ftMi^fci^me 

4. (-) $|-#iiRNA# s ^^t^ite^Sr^-h'L-CV^S, 

o 
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6' 



9> 



>y >y v> >y 
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PCAG/HN pCAG/HN 




WO 00/70055 



PCT/JP00/03194 
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anti-F 



anti-T7 




8 9 10 



1 LLCMK2 

2 LLCMK2/F+ad 3rd 

3 LLCMK2/F-ad 

4 LLCMK2/F+ad 3d 

5 LLCMK2/F+ad 3d/Vac Id 

6 LLCMK2/F+ad 3d/Vac 3d 



anti-F 




123456789 10 11 



1 : LLCMK2 

2 : LLCMK2/F+ad 
3: LLCMK2/F+ad 
4: LLCMK2 /F+ad 
5 : LLCMK2/F+ad 
6: LLCMK2/F+ad 

7 : LLCMK2/F+ad 

8 : LLCMK2/F+ad 
9: LLC MK2 /F+ad 

10: LLCMK2/F+ad 
11 : LLCMK2/F+ad 




1 23456789 10 

7 CV-l/F-ad 

8 CV-l/F-ad 3d 

9 CV-l/F-ad 3d/Vac Id 

10 CV-l/F-ad 3d/Vac 3d 



anti-F 




1 2 3 4 5 6 7 8 9 10 11 



Id 
3d 

ld/AraC Id 
ld/AraC 3d 
ld/Vac Id 
ld/Vac 3d 
ld/AraC+Vac Id 
ld/AraC+Vac 3d 
ld/CHX Id 
ld/CHX 3d 



1 : 

2 : 

3 : 

4 : 

5 : 

6 : 

7 : 
8: 
9 : 

10 : 
11 : 



CV1 

CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 
CVl/F+ad 



Id 
3d 

ld/AraC Id 
ld/AraC 3d 
ld/Vac Id 
ld/Vac 3d 
ld/AraC+Vac Id 
ld/AraC+Vac 3d 
ld/CHX Id 
ld/CHX 3d 
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me 
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7/6 2 

07 



LLCMK2/F 
PI/24 well 
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LLCMK2 sup IZ X Z> 
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m i o 



1 0/6 2 



. ' Egg ■ ^ 

Probe HN '"_JL__- >' 
wt AF wt - AF r "■ ' 




£•-*' .'.1 : 



ill 
;iiS 

[>-:• :'. 
.- z ». 






* t _ J 




--'kit- 




■ ;; 



: : r r."r — — ■ — — — — ' . - 1 — r — — - — ■ — ■ — — ■ _^ 
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1 1 



1 1/6 2 



WtSeV 



dFGFP 



SeV(wt) 
RT(+) RT(-) 




SeV/AF-GFP 

RT(+) RT(-) 

I 1 I 1 

12 3 12 3 




1: +18-NP, +I8N0UIM hotff&nmm 

2: M-GFP, GFPmfc^tfFmB^Xm%&(DW&<D&m 

3: Fgene, Fitfc^Vftftvmm 
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1 2/6 2 

HI 1 2 
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13/6 2 

m 1 3 




X> SeV (wt) 
;> AFGFP 



Primer 

Set AFGFP 


F/AFGFP GFP/SeV SeV (wt) 


1 


+ + + 


2 + 


+ - 
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1 5/6 2 
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1 6/6 2 



1 6 



cntrl/a c-kit + 
cntrl/a c-kit - 
GFP-wtSeV/a c-kit + 
GFP-wtSeV/a c-kit - 
GFP-dFSeV/a c-kit + 



GFP-dFSeV/a c-kit - - 




cntri/a c-kit + - 
cntrl/a c-kit-- 
GFP-wtSeV/a c-kit + - 
GFP-wtSeV/a c-kit-- 
GFP-dFSeV/a c-kit + - 
GFP-dFSeV/a c4dt-- 



LO 



T" 



□ PE+/GFP- 
M PE+/GFP+ 



□ PE+/GFP- 
M PE+/GFP+ 



LO 
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17/6 2 

01 7 



in vivo 
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1 8/6 2 

01 8 




1 2 3 4 5 6 7 8 9 10 11 12 
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1 9/6 2 

m 1 9 

C 

aa»gpg>»g« (P2) 

Dilution 

14: PBS 

15: HA»tt©«mttOane H)56*SWPK:¥f8aiL& (P2) 
16:HA»ttO»m«0ane 12)581faiPK?ISaiUfc (P2) 




13 14 15 16 
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2 1/6 2 

02 1 
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2 2/6 2 



2 2 



HN 




LLC/VacT7/pGEM/FHN 
LLC/VacT7 
LLC/FHNmix 
LLC/FHN 1-13 
LLC/FHN 2-6 
LLC/FHN 2-16 
LLC/FHN 3-3 
LLC/FHN 3-18 
LLC/FHN 3-22 
LLC/FHN 4-3 
LLC/FHN 5-9 
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2 4/6 2 

B12 4 
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2 5/6 2 



2 5 
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M-GFP M-L 



RT 



< 


AFHN 


< 


AFHN 


r +- 


+ - 


+ - 


+- 
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02 7 



2 7/6 2 



M-GFP M-L 



Z 



RT H H " + - +- 
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2 9/6 2 

02 9 



□ 


pGEM-Luci 


11 


minigenome 


m 


minigenome 


• 


titer of V.V. 




Omin. 15min. 20min. 30min. 
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3 0/6 2 



m 3 0 
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3 1 



3 1/6 2 



1000 



o 

o 
o 
CO 

c 
o 



0) 

c 
o 

o 

<D 



100- 




62 d3 d4 
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3 2/6 2 



03 2 
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3 3 



3 3/6 2 



1 2 3 4 5 6 7 8 



3 



Z0tg.. W«** s f&=&- * 




r ^^ ^'^^^ '^H? ***** 




-45 



(kDa) 



-31 



-21.5 
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3 6/6 2 



3 6 



vsv-g m& 



+ 
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3 8/6 2 



3 8 



VSV-G 



+ VSV-G 
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anti-F 



anti-HN 



anti-SeV 
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4 0/6 2 

134 0 




m SeV«#*±t«t*-fr«*Wi GFP K9MBCJ:« CIU««£ 
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14 1 



4 1/6 2 



SeV/AF-GFP<OH«fi£^P f-a-JKDBS 




P0-d3ord4 P1-d3 



PI-dT 



Passage 
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4 2/6 2 

04 2 




0 2 5 10 20 



UVfiBS*B*ia(min) 
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4 3/6 2 

H4 3 



1000 




P0-d3,4 P1-d3 P1-d7 

Passage (Sift) 





V.V 


V.V LotNo 


pGEM-FHN 


O.L 


P1-Tf 


1 


vTF7-3(3,5)*35mtn* 


990913 






Dos per 


2 
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SEQUENCE LISTING 

<110> DNAVEC Research Inc. 

<120> RNP derived from paramyxoviruses 

<130> D3-102PCT 

<140> 
<141> 

<150> JP 1999-200740 
<151> 1999-05-18 

<160> 52 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 
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<400> 1 

atgcatgccg gcagatga 

<210> 2 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 2 

gttgagtact gcaagagc 

<210> 3 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 3 
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tttgccggca tgcatgtttc ccaaggggag agttttgcaa cc 

<210> 4 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 4 

atgcatgccg gcagatga 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 5 

tgggtgaatg agagaatcag c 



21 
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<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 6 

atgcatatgg tgatgcggtt ttggcagtac 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

tgccggctat tattacttgt acagctcgtc 

<210> 8 
<211> 21 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 8 

atcagagacc tgcgacaatg c 

<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 9 

aagtcgtgct gcttcatgtg g 

<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 10 

acaaccacta cctgagcacc cagtc 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 11 

gcctaacaca tccagagatc g 

<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Artificially 
Synthesized Priier Sequence 

<400> 12 

acattcatga gtcagctcgc 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 13 

atcagagacc tgcgacaatg c 

<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 
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<400> 14 

aagtcgtgct gcttcatgtg g 

<210> 15 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 15 

gaaaaactta gggataaagt ccc 

<210> 16 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 16 
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gttatctccg ggatggtgc 19 

<210> 17 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 17 

gcgcggccgc cgtacggtgg caaccatgtc gtttactttg accaa 45 

<210> 18 
<211> 80 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 18 

gcgcggccgc gatgaacttt caccctaagt ttttcttact acggcgtacg ctattacttc 60 
tgacaccaga ccaactggta 80 
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<210> 19 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 19 

ccaccgacca cacccagcgg ccgcgacagc cacggcttcg g 41 

<210> 20 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 20 

ccgaagccgt ggctgtcgcg gccgctgggt gtggtcggtg g 41 



<210> 21 
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<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 21 

gaaatttcac ctaagcggcc gcaatggcag atatctatag 40 

<210> 22 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 22 

ctatagatat ctgccattgc ggccgcttag gtgaaatttc 40 



<210> 23 
<211> 43 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 23 

gggataaagt cccttgcggc cgcttggttg caaaactctc ccc 

<210> 24 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 24 

ggggagagtt ttgcaaccaa gcggccgcaa gggactttat ccc 

<210> 25 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 25 

ggtcgcgcgg tactttagcg gccgcctcaa acaagcacag atcatgg 

<210> 26 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 26 

ccatgatctg tgcttgtttg aggcggccgc taaagtaccg cgcgacc 

<210> 27 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
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synthesized sequence 
<400> 27 

cctgcccatc catgacctag cggccgcttc ccattcaccc tggg 

<210> 28 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 28 

cccagggtga atgggaagcg gccgctaggt catggatggg cagg 

<210> 29 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 29 

gcggcgcgcc atgctgctgc tgctgctgct gctgggcctg 40 

<210> 30 

<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 30 

gcggcgcgcc cttatcatgt ctgctcgaag cggccggccg 40 

<210> 31 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 31 

gcggccgcgt ttaaacggcg cgccatttaa atccgtagta agaaaaactt agggtgaaag 60 
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ttcatcgcgg ccgc 74 

<210> 32 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 32 

gcggccgcga tgaactttca ccctaagttt ttcttactac ggatttaaat ggcgcgccgt 60 
ttaaacgcgg ccgc 74 

<210> 33 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 33 

acttgcggcc gccaaagttc agtaatgtcc atgttgttct acactctg 



48 
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<210> 34 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 34 

atccgcggcc gcgatgaact ttcaccctaa gtttttctta ctacggtcag cctcttcttg 60 
tagccttcct gc 72 

<210> 35 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 35 

ggagaagtct caacaccgtc cacccaagat aatcgatcag 



40 
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<210> 36 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 36 

ctgatcgatt atcttgggtg gacggtgttg agacttctcc 40 

<210> 37 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 37 

gtatatgtgt tcagttgagc ttgctgtcgg tctaaggc 38 



<210> 38 
<211> 38 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 38 

gccttagacc gacagcaagc tcaactgaac acatatac 

<210> 39 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 39 

caatgaactc tctagagagg ctggagtcac taaagagtta cctgg 

<210> 40 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 40 

ccaggtaact ctttagtgac tccagcctct ctagagagtt cattg 

<210> 41 
<211> 52 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 41 

gtgaaagttc atccaccgat cggctcactc gaggccacac ccaaccccac eg 

<210> 42 
<211> 52 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 42 

cggtggggtt gggtgtggcc tcgagtgagc cgatcggtgg atgaactttc ac 

<210> 43 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 43 

cttagggtga aagaaatttc agctagcacg gcgcaatggc agatatc 

<210> 44 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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<400> 44 

gatatctgcc attgcgccgt gctagctgaa atttctttca ccctaag 47 

<210> 45 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 45 

cttagggata aagtcccttg tgcgcgcttg gttgcaaaac tctcccc 47 

<210> 46 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 46 
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ggggagagtt ttgcaaccaa gcgcgcacaa gggactttat ccctaag 

<210> 47 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 47 

ggtcgcgcgg tactttagtc gacacctcaa acaagcacag atcatgg 

<210> 48 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 48 

ccatgatctg tgcttgtttg aggtgtcgac taaagtaccg cgcgacc 



47 
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<210> 49 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 49 

cccagggtga atgggaaggg ccggccaggt catggatggg caggagtcc 

<210> 50 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 50 

ggactcctgc ccatccatga cctggccggc ccttcccatt caccctggg 

<210> 51 
<211> 72 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 51 

ggccgcttaa ttaacggttt aaacgcgcgc caacagtgtt gataagaaaa acttagggtg 60 
aaagttcatc ac 72 

<210> 52 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 52 

ggccgtgatg aactttcacc ctaagttttt cttatcaaca ctgttggcgc gcgtttaaac 60 
cgttaattaa gc 72 
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DESCRIPTION 
PARAMYXOVTRUS-DERIVED RNP 

5 Technical Field 

The present invention relates to paramyxovirus-derived 
ribonucleoprotein complex and the utilization thereof. 

Background Art 

10 Paramyxovirus is a virus comprising negative-strand RNA as the 

genome. Negative-strand RNA viral vectors, have several 
characteristics significantly different from retroviruses, DNA 
viruses or positive-strand RNA virus vectors . Genomes or antigenomes 
of negative-strand RNA viruses do not directly function as mRNA, so 

15 they cannot initiate the synthesis of viral proteins and genome 
replication. Both RNA genome and antigenome of these viruses always 
exist in the form of a ribonucleoprotein complex (RNP) , so they hardly 
cause problems caused by antisense strands, such as interfering with 
the assembly of genome to RNP due to mRNA hybridizing with naked genomic 

20 RNA, as in the case of positive strand RNA viruses. These viruses 
comprise their own RNA polymerases, performing the transcription of 
viral mRNAs or replication of viral genomes using RNP complex as the 
template. Worthy of mentioning is that negative-strand RNA (nsRNA) 
viruses proliferate only in the cytoplasm of host cells, causing no 

25 integration thereof into chromosomes, because they do not go through 
a DNA phase. Furthermore, no homologous recombination among RNAs has 
been recognized. These properties are considered to contribute a 
great deal to the stability and safety of negative-strand RNA viruses 
as gene expressing vectors. 

30 Among negative-strand RNA viruses, present inventors have been 

focusing their attention on the Sendai virus (SeV) . Sendai virus is 
a non-segmented type negative-strand RNA virus belonging to the genus 
Paramyxovirus, and is a type of murine parainfluenza virus . This virus 
has been said to be non-pathogenic towards humans. In addition, an 

35 attenuated laboratory strain (Z strain) of Sendai virus has been 
isolated, which only induces mild pneumonia in rodents, the natural 
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hosts (J. General Virology (1997) 78, 3207-3215). This strain has 
been widely used as a research model for molecular level studies of 
the transcription-replication mechanism of paramyxoviruses. Sendai 
virus attaches to the host cell membrane and cause membrane fusion 
5 via its two envelope glycoproteins, hemagglutinin-neuraminidase (HN) 
and fusion protein (F) , and efficiently releases its own RNA polymerase 
and RNA genome existing in the form of ribonucleoprotein complex (RNP) 
into the cytoplasm of host cells to carry out transcription of viral 
mRNA and genome replication therein (Bitzer, M. et. al., J. Virol. 

10 71(7) : 5481-5486, 1997) . 

Present inventors have hitherto developed, a method for 
recovering infectious Sendai virus particles from cDNA corresponding 
to Sendai virus genome. In this method, for example, after infecting 
LLC-MK2 cells with vaccinia virus encoding T7 RNA polymerase, the 

15 cells are further transfected simultaneously with three plasmids 
encoding the antigenome of Sendai virus under the control of T7 
promoter, the nucleoprotein (NP) of Sendai virus and the RNA polymerase 
proteins (P and L) , respectively, to form antigenomic 
ribonucleoprotein complexes (RNPs) as intermediates of viral genome 

20 replication in the cells, and then replicate biologically active 
(functional) genomic RNPs capable of initiating viral protein 
transcription and virus particle assembly. When recovering the 
wild-type Sendai virus, these functional genomic RNPs are injected 
into chorioallantoic sac of chicken eggs together with reconstituted 

25 cells to perform virion multiplication (Kato, A. et al., Genes cells 
1, 569-579 (1996) ) . 

However, Sendai virus has been known to incorporate host cell 
proteins thereto during virion formation (J. Biol. Chem. (1997) 272, 
16578-16584), and such incorporated proteins maybe possible causes 

30 of antigenicity and cytotoxicity when transferred to target cells. 

In this regard, in spite of the obvious need existing for the 
use of RNP as vectors without utilizing Sendai virus particles, there 
has been no report on such a utilization. 

35 Disclosure of the Invention 

An objective of the present invention is to isolate an RNP 
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deriving from a virus belonging to the family Paramyxoviridae, and 
to provide the utilization thereof as a vector. In a preferred 
embodiment, vectors comprising a complex of RNP with a cationic 
compound are provided. 
5 The present inventors have prepared RNPs from Sendai virus 

belonging to the family Paramyxoviridae and investigated their use 
as a vector. 

Specifically, first, the present inventors prepared a Sendai 
virus genomic cDNA deficient in the gene for the F protein, which 

10 is one of the envelope proteins of the virus, so as not to produce 
wild-type Sendai viruses in target cells, and further constructed 
a vector to express the cDNA in cells (GFP gene is inserted into the 
vector as a reporter at the F gene-deficient site) . The vector thus 
prepared was transferred to cells expressing proteins required for 

15 RNP formation to produce an RNP comprising an F gene-deficient genome. 
Then, the RNP was removed from the cells by repeating cycles of freezing 
and thawing of the cells, mixed with a cationic lipofection reagent, 
and transferred to F gene-expressing cells. As a result, the 
expression of GFP as a reporter was detected in the cells to which 

20 RNP was transfected. 

Namely, present inventors succeeded not only in preparing 
functional RNP from Sendai virus, but also found a possibility to 
express a foreign gene comprised in RNP, even when this RNP is 
transferred to target cells utilizing, for example, a gene transfer 

25 reagent such as a cationic liposome, in stead of just infecting the 
RNP to cells as a constituting element of Sendai virus, and thus 
accomplished this invention. 

Namely, this invention relates to paramyxovirus-derived RNP and 
the utilization thereof as a vector, more specifically to: 

30 (1) a complex comprising (a) a negative-strand single-stranded RNA 
derived from a paramyxovirus, wherein said RNA is modified so as not 
express at least one of the envelope proteins of Paramyxoviridae 
viruses, and (b) a protein encoded by and binding to said 
negative-strand single-stranded RNA; 

35 (2) a complex according to (1), wherein said negative-strand 
single-stranded RNA is modified so as to express NP, P and L proteins, 
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but not F, HN or M proteins, or any combination thereof; 

(3) a complex according to (1) or (2), wherein said negative-strand 
single-stranded RNA derives from the Sendai virus; 

(4) a complex according to any of (1) through (3), wherein said 
5 negative-strand single-stranded RNA further encodes a foreign gene; 

(5) a composition for gene transfer, comprising a complex according 
to (4) and a cationic lipid; 

(6) a composition for gene transfer, comprising a complex according 
to (4) and a cationic polymer; and, 

10 (7) a method for expressing a foreign gene in a cell, comprising the 
step of introducing the composition for gene transfer according to 
(5) or (6) into a cell. 

"NP, P, M, F, HN and L genes" of viruses belonging to the family 
Paramyxoviridae refer to genes encoding nucleocapsid, phospho, matrix, 
15 fusion, hemagglutinin-neuraminidase and large proteins, respectively. 
Respective genes of viruses belonging to subfamilies of the family 
Paramyxoviridae are represented in general as follows. NP gene is 
generally described also as the "N gene". 

Genus N P/C/V M F HN - L 

Respirovirus 

Genus N P/V M F HN (SH) L 

Rubullavirus 

Genus N P/C/V M F H - L 

Morbillivirus 

Database accession numbers for nucleotide sequences of genes 
20 of the Sendai virus classified into Respirovirus of the family 
Paramyxoviridae are, M29343, M30202, M30203, M30204, M51331, M55565, 
M6904 6 and X17218 for NP gene, M302 02, M30203, M302 04, M55565, M6904 6, 
X00583, X17007 and X17008 for P gene, D11446, K02742, M30202, M30203, 
M30204, M69046, U31956, X00584 and X53056 for M gene, D00152, D11446, 
25 D17334, D17335, M30202, M30203, M30204, M69046, X00152 and X02131 
for F gene, D26475, M12397, M30202, M30203, M30204, M69046, X00586, 
X02808 and X56131 for HN gene, and D00053, M30202, M30203, M30204, 
M69040, X00587 and X58886 for L gene. 

The present invention relates to a ribonucleoprotein complex 
30 (RNP) derived from viruses belonging to the family Paramyxoviridae 



5 



deficient in any of the envelope genes. The complex is modified so 
as not to produce the virus having the envelope protein in target 
cells in the absence of the envelope protein. That is, RNP according 
to this invention comprises (a) a negative-strand single-stranded 
5 RNA originating in paramyxovirus modified so as not to express at 
least one of envelope proteins of Paramyxoviridae viruses (b) a protein 
encoded by and binding to said negative-strand single-stranded RNA. 

Proteins capable of binding to a negative-strand 

10 single-stranded RNA refer to proteins binding directly and/or 
indirectly to the negative-strand single-stranded RNA to form an RNP 
complex with the negative-strand single-stranded RNA. In general, 
negative-strand single-stranded RNA (genomic RNA) of paramyxovirus 
is bound to NP, P and L proteins. RNA contained in this RNP serves 

15 as the template for transcription and replication of RNA (Lamb, R. 
A., and D. Kolakofsky, 1996, Paramyxoviridae : The viruses and their 
replication, pp. 1177-1204. In Fields Virology, 3 rd edn. Fields, B. 
N. , D. M. Knipe, and P.M. Howley et al . (ed. ) , Raven Press, New York, 
N. Y . ) . Complexes of this invention include those comprising 

20 negative-strand single-stranded RNAs originating in paramyxovirus 
and proteins also originating in paramyxovirus which bind to the RNAs . 
Complexes of this invention are RNP complexes comprising, for example, 
negative-strand single-stranded RNA to which these proteins (NP, P 
and L proteins) are bound. In general, RNP complexes of paramyxovirus 

25 are capable of autonomously self -replicating in host cells. Thus, 
RNPs transferred to cells intracellularly proliferate to increase 
the copy number of the gene (RNA contained in RNP complex) , thereby 
leading to a high level expression of a foreign gene from RNP carrying 
the foreign gene. Vectors of this invention are preferably those 

30 capable of replicating RNA comprised in complexes (RNP) in transf ected 
cells . 

The origin of RNP complexes of this invention is not limited 
as long as it is a virus of family Paramyxoviridae, but Sendai virus 
belonging to the genus Paramyxovirus is especially preferred. 
35 Besides Sendai virus, RNPs of this invention may derive from the 
measles virus, simian parainfluenza virus (SV5) and human 
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parainfluenza virus type 3, but the origin is not limited thereto. 

Negative-strand single-stranded RNAs contained in RNPs of this 
invention are constructed so as to suppress the expression of at least 
one of the envelope proteins of Paramyxoviridae viruses. Examples 
5 of envelope proteins the expressions of which are suppressed are, 
F protein, HN protein, or M protein, or any combination thereof, 
negative-strand single-stranded RNAs are constructed so as to 
express NP, P and L proteins that are required for the formation of 
RNPs. negative-strand single-stranded RNAs contained in RNPs of 

10 this invention may be modified, for example, so as to express NP, 
P and L proteins, but not F and/or HN proteins. 

In the case of Sendai virus (SeV) , the genome of the natural 
virus is approximately 15,000 nucleotides in size, and the 
negative-strand comprises six genes encoding NP (nucleocapsid) , P 

15 (phospho) , M (matrix), F (fusion), HN (hemagglutinin- neuraminidase) 
and L (large) proteins lined in a row following the 3' -short leader 
region, and a short 5' -trailer region on the other end. In this 
invention, this genome can be modified so as not to express envelope 
proteins by designing a genome deficient in any of F, HN and M genes, 

20 or any combination thereof. Deficiency in either F gene or HN gene, 
or both is preferred. Since these proteins are unnecessary for the 
formation of RNP, RNPs of this invention can be manufactured by 
transcribing this genomic RNA (either positive or negative-strand ) 
in the presence of NP, P and L proteins . RNP formation can be performed, 

25 for example, in LLC-MK2 cells, or the like. NP, P and L proteins can 
be supplied by introducing to cells expression vectors carrying the 
respective genes for these proteins (cf . examples) . Each gene may 
be also incorporated into chromosomes of host cells . NP, P and L genes 
to be expressed for the formation of RNP need not be completely 

30 identical to those genes encoded in the genome contained in RNP. That 
is, amino acid sequences of proteins encoded by these genes may not 
be identical to those of proteins encoded by RNP genome, as long as 
they can bind to the genomic RNA and are capable of replicating RNP 
in cells, and may have mutations or may be replaced with a homologous 

35 gene from other viruses. Once an RNP is formed, NP, P and L genes 
are expressed from this RNP to autonomously replicate RNP in the cells . 
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To reconstitute and amplify an RNP in cells, the RNP is either 
transferred to cells (helper cells) expressing envelope proteins 
whose expression is suppressed by modifying negative-strand 
single-stranded RNA contained in the RNP, or the RNP can be 
5 reconstituted in these cells. For example, to amplify RNP from 
negative-strand single-stranded RNA which has been modified so as 
not to express F gene, F protein is arranged to be expressed together 
with NP, P and L proteins in the cells. Thus, a viral vector retaining 
envelope proteins is constructed, and amplified via its infection 

10 to helper cells. 

In addition, it is also possible to use envelope proteins 
different from that whose expression was suppressed by modifying 
negative-strand single-stranded RNA. There is no particular 
limitation on the type of such envelope proteins . One example of other 

15 viral envelope proteins is the G protein (VSV-G) of vesicular 
stomatitis virus (VSV) . RNP complexes of this invention can be 
amplified, for example, using cells expressing the G protein (VSV-G) 
of VSV. 

Complexes of this invention can be usually prepared by (a) 

20 introducing a vector DNA encoding paramyxovirus-derived 
negative-strand single-stranded RNA that has been modified so as not 
to express at least one of the viral envelope proteins of 
Paramyxoviridae viruses, or a complementary strand of said RNA, into 
cells (helper cells ) expressing envelope proteins to express the RNAs, 

25 and (b) culturing the cells to recover RNP complexes from the culture 
supernatant or cell extracts. By coexpressing NP, L and P proteins 
at the time of vector DNA expression, RNPs are formed and a virus 
having envelope proteins is constructed. 

Vector DNA to be expressed in helper cells encodes 

30 negative-strand single-stranded RNA (negative-strand ) or 
complementary strand thereof (positive strand) contained in complexes 
of this invention. Although the strand to be transcribed inside cells 
may be either positive or negative-strand , it is preferable to arrange 
so as to transcribe the positive strand for the improvement of complex 

35 reconstitution efficiency. For example, DNA encoding 

negative-strand single-stranded RNA or complementary strand thereof 
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is linked downstream of T7 promoter to be transcribed to RNA by T7 
RNA polymerase. 

For example, a virus comprising RNP complex can be reconstituted 
by transfecting a plasmid expressing a recombinant Sendai virus genome 
5 deficient in envelope genes into host cells, together with a vector 
expressing the deficient envelope protein and NP, P/C and L protein 
expression vectors. Alternatively, RNP complex can be manufactured 
using, for example, host cells incorporated with F gene into 
chromosomes thereof. Amino acid sequences of these protein groups 

10 supplied from outside the viral genome need not be identical to those 
deriving from the virus . As long as these proteins are equally active 
to or more active than natural type proteins in transferring nucleic 
acids into cells, genes encoding these proteins may be modified by 
introducing a mutation or replacing with homologous genes from other 

15 viruses. Since, in general, it has been known that long-term culture 
of host cells is sometimes difficult because of cytotoxicity and cell 
shape-altering activity of envelope proteins, they may be arranged 
to be expressed only when the vector is reconstituted under the control 
of an inducible promoter (cf . examples) . 

20 Once RNP or virus comprising RNP is formed, complexes of this 

invention can be amplified by introducing this RNP or virus again 
into the aforementioned helper cells and culturing them. This process 
comprises the steps of (a) introducing either the complex of this 
invention or viral vector comprising the complex to cells expressing 

25 envelope proteins, and (b) culturing the cells and recovering virus 
particles from the culture supernatant or cell extracts. 

RNP may be introduced to cells as a complex formed together with, 
for example, lipof ectamine and polycationic liposome . Specifically, 
a variety of transfection reagents can be utilized. Examples thereof 

30 are DOTMA (Boehringer) , Superfect (QIAGEN #301305), DOTAP, DOPE, 
DOSPER (Boehringer #1811169), etc. Chloroquine may be added to 
prevent RNP from decomposition in endosomes (Calos, M. P., 1983, Proc. 
Natl. Acad. Sci. USA 80: 3015). 

Once a viral vector is thus constructed in host cells, complexes 

35 of this invention or viral vector comprising the complexes can be 
further amplified by coculturing these cells with cells expressing 
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envelope proteins. As described in Example 12, a preferable example 
is the method of overlaying cells expressing envelope proteins on 
virus producing cells. 

Complexes of this invention, for example, may comprise a viral 
5 gene encoded in RNA in the complex that has been modified to reduce 
the antigenicity or enhance the RNA transcription and replication 
efficiency. 

Complexes of this invention may include RNA encoding a foreign 
gene in their negative-strand single-stranded RNA. Any gene desired 

10 to be expressed in target cells may be used as the foreign gene. For 
example, when gene therapy is intended, a gene for treating an 
objective disease is inserted into the vector DNA encoding RNA 
contained in complexes. In the case where a foreign gene is inserted 
into the vector DNA, for example, Sendai virus vector DNA, it is 

15 preferable, to insert a sequence comprising a nucleotide number of 
a multiple of six between the transcription termination sequence (E) 
and transcription initiation sequence (S), etc. (Journal of Virology, 
Vol. 67, No. 8, 1993, p. 4822-4830) . The foreign gene may be inserted 
before or after each of the viral genes (NP, P, M, F, HN and L genes) 

20 (cf . examples) . E-I-S sequence (transcription initiation 

sequence -intervening sequence-transcription termination sequence) 
or portion thereof is appropriately inserted before or after a foreign 
gene so as not to interfere with the expression of genes before or 
after the foreign gene. Expression level of the inserted foreign gene 

25 can be regulated by the . type of transcription initiation sequence 
added upstream of the foreign gene, as well as the site of gene insertion 
and nucleotide sequences before and after the gene. For example, in 
Sendai virus, the nearer the insertion site is to the 3' -end of 
negative-strand RNA (in the gene arrangement on the wild type viral 

30 genome, the nearer to NP gene) , the higher the expression level of 
the inserted gene is. To secure a high expression level of a foreign 
gene, it is preferable to insert the foreign gene upstream of NP gene 
(the 3' -side in negative-strand ) or between NP and P genes. 
Conversely, the nearer the insertion position is to the 5' -end of 

35 negative-strand RNA (in the gene arrangement on the wild type viral 
genome, the nearer to L gene), the lower the expression level of the 
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inserted gene is. To suppress the expression of a foreign gene to 
a low level, the foreign gene is inserted, for example, to the far 
most 5' -side of the negative-strand , that is, downstream of L gene 
in the wild type viral genome (the 5' -side adjacent to L gene in 
5 negative-strand ) or upstream of L gene (the 3' -side adjacent to L 
gene in negative-strand ) . To facilitate the insertion of a foreign 
gene, a cloning site may be designed at the inserting position. 
Cloning site can be arranged to be, for example, the recognition 
sequence for restriction enzymes. Foreign gene fragments can be 

10 inserted into the restriction enzyme site in the vector DNA encoding 
the genome. Cloning site may be arranged to be a so-called 
multi-cloning site comprising a plurality of restriction enzyme 
recognition sequences. RNA genome in complexes of this invention may 
harbor at the insertion sites foreign genes other than those described 

15 above. 

Viral vectors comprising RNP complex derived from recombinant 
Sendai virus carrying a foreign gene can be constructed as follows 
according to, for example, the description in "Kato, A. et al., 1997, 
EMBO J. 16: 578-587" and "Yu, D. et al. , 1997, Genes Cells 2 : 457-466". 

20 First, a DNA sample comprising the cDNA nucleotide sequence of 

a desired foreign gene is prepared. It is preferable that the DNA 
sample can be electrophoretically identified as a single plasmid at 
concentrations of 25 ng/fil or more. Below, a case where a foreign 
gene is inserted to DNA encoding viral genome utilizing NotI site 

25 will be described as an example. When NotI recognition site is 
included in the objective cDNA nucleotide sequence, it is preferable 
to delete the NotI site beforehand by modifying the nucleotide sequence 
using site-specific mutagenesis and such method so as not to alter 
the amino acid sequence encoded by the cDNA. From this DNA sample, 

30 the desired gene fragment is amplified and recovered by PCR. To have 
NotI sites on the both ends of amplified DNA fragment and further 
add a copy of transcription termination sequence (E) , intervening 
sequence (I) and transcription initiation sequence (S) (EIS sequence) 
of Sendai virus to one end, a forward side synthetic DNA sequence 

35 and reverse side synthetic DNA sequence (antisense strand) are 
prepared as a pair of primers containing NotI restriction enzyme 
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cleavage site sequence, transcription termination sequence (E) , 
intervening sequence (I), transcription initiation sequence (S) and 
a partial sequence of the objective gene. 

For example, to secure cleavage by NotI, the forward side 
5 synthetic DNA sequence is arranged in a form in which any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in NotI recognition site, more preferably ACTT) 
are selected on the 5' -side of the synthetic DNA, NotI recognition 
site "gcggccgc" is added to its 3' -side, and to the 3' -side thereof, 

10 any desired 9 nucleotides or nucleotides of 9 plus a multiple of 6 
nucleotides are added as the spacer sequence, and to the 3' -side 
thereof, about 25 nucleotide-equivalent ORF including the initiation 
codon ATG of the desired cDNA is added. It is preferable to select 
about 25 nucleotides from the desired cDNA as the forward side 

15 synthetic DNA sequence so as to have G or C as the final nucleotide 
on its 3' -end. 

In the reverse side synthetic DNA sequence, any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in the NotI recognition site, more preferably 

20 ACTT) are selected from the 5' -side of the synthetic DNA, NotI 
recognition site "gcggccgc" is added to its 3' -side, and to its further 
3' -side, an oligo DNA is added as the insertion fragment to adjust 
the length. This oligo DNA is designed so that the total nucleotide 
number including the NotI recognition site "gcggccgc" , complementary 

25 sequence of cDNA and EIS nucleotide sequence of Sendai virus genome 
originating in the virus described below becomes a multiple of six 
(so-called "rule of six"; Kolakofski, D. et al . , J. Virol. 72: 8 91-8 99, 
1998). Further to the 3' -side of inserted fragment, a sequence 
complementary to S sequence of Sendai virus, preferably 

30 5' -CTTTCACCCT-3' , I sequence, preferably 5'-AAG-3', and a sequence 
complementary to E sequence, preferably 5' -TTTTTCTTACTACGG-3' , is 
added, and further to the 3' -side thereof, about 25 
nucleotide-equivalent complementary sequence counted in the reverse 
direction from the termination codon of the desired cDNA sequence 

35 the length of which is adjusted to have G or C as the final nucleotide, 
is selected and added as the 3' -end of the reverse side synthetic 
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DNA. 

PCR can be done according to the usual method with, for example, 
ExTaq polymerase (Takara Shuzo) . Preferably, PCR is performed using 
Vent polymerase (NEB) , and desired fragments thus amplified are 
5 digested with NotI, then inserted to NotI site of the plasmid vector 
pBluescript. Nucleotide sequences of PCR products thus obtained are 
confirmed with a sequencer to select a plasmid having the right 
sequence. The inserted fragment is excised from the plasmid using 
NotI, and cloned to the NotI site of the plasmid carrying the genomic 

10 cDNA deficient in envelope genes. Alternatively, it is also possible 
to obtain the recombinant Sendai virus cDNA by directly inserting 
the fragment to the NotI site without the mediation of the plasmid 
vector pBluescript. 

It is also possible to transcribe a vector DNA encoding the virus 

15 genome in test tubes or cells, reconstitute RNP with viral L, P and 
NP proteins, and produce the virus vector comprising this RNP. 
Reconstitution of virus from the vector DNA can be carried out 
according to methods known in the art using cells expressing envelope 
proteins (W097/16539 and 97/16538: Durbin, A. P. et al. , 1997, Virology 

20 235: 323-332; Whelan, S. P. et al., 1995, Proc. Natl. Acad. Sci. USA 
92: 8388-8392; Schnell, M. J. et al., 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, N. D. et 
al., Proc. Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. et al . , 
1995, EMBO J. 14: 6087-6094; Kato, A. et al., 1996, Genes Cells 1: 

25 569-579; Baron, M. D. and Barrett, T . , 1997, J. Virol. 71: 1265-1271; 
Bridgen, A. and Elliott, R. M. , 1996, Proc. Natl. Acad. Sci. USA 93: 
15400-15404) . When a viral vector DNA is made deficient in F, HN and/or 
M genes, infectious virus particles are not formed with such a 
defective vector. However, it is possible to form infectious virus 

30 particles and amplify the virus comprising the complex by separately 
transferring these deficient genes, genes encoding other viral 
envelope proteins and such to host cells and expressing them therein. 

Methods for transferring vector DNA into cells include the 
following: 1) the method of preparing DNA precipitates that can be 

35 be taken up by objective cells; 2) the method of preparing a DNA 
comprising complex which is suitable for being taken up by objective 
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cells and which is also not very cytotoxic and has a positive charge, 
and 3) the method of instantaneously boring on the objective cellular 
membrane pores wide enough to allow DNA molecules to pass through 
by electric pulse. 
5 In Method 2) , a variety of trans feet ion reagents can be utilized, 

examples being DOTMA (Boehringer) , Superfect (QIAGEN #301305) , DOTAP, 
DOPE, DOSPER (Boehringer #1811169), etc. An example of Method 1) is 
a transfection method using calcium phosphate, in which DNA that 
entered cells are incorporated into phagosomes, and a sufficient 

10 amount is incorporated into the nuclei as well (Graham, F. L. and Van 
Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, S., 
1977, Cell 11: 223). Chen and Okayama have investigated the 
optimization of the transfer technique, reporting that optimal DNA 
precipitates can be obtained under the conditions where 1) cells are 

15 incubated with DNA in an atmosphere of 2 to 4% C0 2 at 35°C for 15 to 
24 h, 2) cyclic DNA with a higher precipitate-forming activity than 
when linear DNA is used, and 3) DNA concentration in the precipitate 
mixture is 20 to 30 jig/ml (Chen, C. and Okayama, H., 1987, Mol . Cell. 
Biol. 7: 2745) . Method 2) is suitable for a transient transfection. 

20 An oldmethod is known in the art in which a DEAE-dextran (Sigma #D-9885, 
M.W. 5 x 10 5 ) mixture is prepared in a desired DNA concentration ratio 
to perform the transfection. Since most of the complexes are 
decomposed inside endosomes, chloroquine may be added to enhance 
transfection effects (Calos, M. P., 1983, Proc . Natl. Acad. Sci . USA 

25 80: 3015) . Method 3) is referred to as electroporation, and is more 
versatile compared to methods 1) and 2) because it doesn't have cell 
selectivity. Method 3) is said to be efficient under optimal 
conditions for pulse electric current duration, pulse shape, electric 
field potency (gap between electrodes, voltage) , conductivity of 

30 buffers, DNA concentration, and cell density. 

Among the above-described three categories, transfection 
reagents (method 2)) are suitable in this invention, because method 
2) is easily operable, and facilitates the examining of many test 
samples using a large amount of cells. Preferably, Superfect 

35 Transfection Reagent (QIAGEN, Cat. No. 301305) or DOSPER Liposomal 
Transfection Reagent (Boehringer Mannheim, Cat. No. 1811169) is used. 
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Specifically, the reconstitution of the viral vector from cDNA 
can be performed as follows. 

Simian kidney-derived LLC-MK2 cells are cultured in 24-well to 
6-well plastic culture plates or 100 mm diameter culture dish using 
5 a minimum essential medium (MEM) containing 10% fetal calf serum (FCS) 
and antibiotics (100 units/ml penicillin G and 100 |ig/ml streptomycin) 
to 70 to 80% confluency, and infected, for example, with recombinant 
vaccinia virus vTF7-3 expressing T7 polymerase at 2 PFU/cell. This 
virus has been inactivated by a UV irradiation treatment for 20 min 

10 in the presence of 1 fig /ml psoralen (Fuerst, T. R. et al., Proc . Natl. 
Acad. Sci. USA 83: 8122-8126, 1986; Kato, A. et al., Genes Cells 1: 
569-579, 1996) . Amount of psoralen added and UV irradiation time can 
be appropriately adjusted. One hour after the infection, the cells 
are transfected with 2 to 60 fig, more preferably 3 to 5 fig, of the 

15 above-described recombinant Sendai virus cDNA by the lipofection 
method and such using plasmids (24 to 0.5 fig of pGEM-N, 12 to 0.25 
fig of pGEM-P and 24 to 0.5 fig of pGEM-L, more preferably 1 jag of pGEM-N, 
0.5 jug of pGEM-P and 1 jug of pGEM-L) (Kato, A. et al . , Genes Cells 
1: 569-579, 1996) expressing trans-acting viral proteins required 

20 for the production of full-length Sendai viral genome together with 
Superfect (QIAGEN) . The transfected cells are cultured in a 
serum-free MEM containing 100 fig/ml each of rifampicin (Sigma) and 
cytosine arabinoside (AraC) if desired, more preferably only 

containing 40 fig /ml of cytosine arabinoside (AraC) (Sigma) , and 
25 concentrations of reagents are set at optima so as to minimize 
cytotoxicity due to the vaccinia virus and maximize the recovery rate 
of the virus (Kato, A. et al . , 1996, Genes Cells 1, 569-579) . After 
culturing for about 48 to 72 h following the transf ection, the cells 
are recovered, disrupted by repeating three cycles of freezing and 
30 thawing, transfected to LLC-MK2 cells expressing envelope proteins, 
and cultured. After culturing the cells for 3 to 7 days, the culture 
solution is collected. Alternatively, infectious virus vectors can 
be obtained more efficiently by transfecting LLC-MK2 cells already 
expressing envelope proteins with plasmids expressing NP, L and P 
35 proteins, or transfecting together with an envelope-expressing 
plasmid. Viral vectors can be amplified by culturing these cells 
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overlaid on LLOMK2 cells expressing envelope proteins (cf . examples) . 
Virus titer contained in the culture supernatant can be determined 
by measuring the hemagglutination activity (HA) , which can be assayed 
by "endo-point dilution method" (Kato, A. et al., 1996, Genes Cells 
5 1, 569-579). Virus stock thus obtained can be stored at -80°C. 

The type of host cells used for virus reconstitution is not 
particularly limited, so long as RNP complex or viral vector can be 
reconstituted therein. For example, in the reconstitution of Sendai 
virus vector or RNP complex, culture cells such as simian 

10 kidney-derived CV-I cells and LLC-MK2 cells, hamster kidney-derived 
BHK cells, and so on can be used. Infectious virus particles having 
the envelope can be also obtained by expressing appropriate envelope 
proteins in these cells. To obtain Sendai virus vector in a large 
quantity, the virus can be amplified, for example, by inoculating 

15 RNP or virus vector obtained from the above-described host cells into 
embryonated chicken eggs together with vectors expressing envelope 
genes . Alternatively, viral vectors can be produced using transgenic 
chicken eggs incorporated with envelope protein genes. Methods for 
manufacturing viral fluid using chicken eggs have been already 

20 developed (Nakanishi, etal. (eds.), 1993, "Shinkei-kagaku Kenkyu-no 
Sentan-gijutu Protocol III (High Technology Protocol III of 
Neuroscience Research) , Molecular Neurocyte Physiology, Koseisha, 
Osaka, pp. 153-172) . Specifically, for example, fertilized eggs are 
placed in an incubator and incubated for 9 to 12 days at 37 to 38 °C 

25 to grow embryos. Sendai virus vector or RNP complex is inoculated 
together with vectors expressing envelope proteins into 
chorioallantoic cavity of eggs, and cultured for several days to 
proliferate the virus. Conditions such as culture duration may be 
varied depending on the type of recombinant Sendai virus used. 

30 Subsequently, chorioallantoic fluid comprising the virus is recovered. 
Separation and purification of Sendai virus vector can be performed 
according to the standard methods (Tashiro, M . , "Virus Experiment 
Protocols", Nagai and Ishihama (eds.), Medicalview, pp. 68-73 
(1995) ) . 

35 As a vector to express envelope proteins, complexes of this 

invention or viral vectors themselves comprising complexes of this 
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invention may be used. For example, when two types of RNP complexes 
in which the envelope gene deficient from the viral genome is different 
are transferred to the same cell, the envelope protein deficient in 
one RNP complex is supplied by the expression of the other complex 
5 to complement each other, thereby leading to the formation of 
infectious virus particles and activation of replication cycle to 
amplify the virus. That is, when two or more types of RNP complexes 
of this invention or viral vectors comprising these complexes are 
inoculated to cells in combinations so as to complement each other's 

10 envelope proteins, mixtures of viral vectors deficient in respective 
envelope proteins can be produced on a large scale and at a low cost. 
Mixed viruses thus produced are useful for the production of vaccines 
and such. Due to the deficiency of envelope genes, these viruses have 
a smaller genome size compared to the complete virus, so they can 

15 harbor a long foreign gene. Also, since these originally 
non-infectious viruses are extracellularly diluted, and its difficult 
to retain their coinfection, they become sterile, which is 
advantageous in managing their release to the environment. 

Preparation of RNP of this invention from a virus can be carried 

20 out, for example, using the ultracentrif ugation method as follows. 
Triton X-100 is added to a filtration fluid comprising virus particles 
to make the final concentration 0.5%, and the mixture is allowed to 
stand at room temperature for 10 to 15 min. The supernatant thus 
obtained is layered on a 10 to 40% sucrose density gradient, and 

25 centrifuged at 20, 000 to 30, 000 rpm for 30 min to recover 
RNP-comprising fractions . 

Alternatively, the virus is dissolved in a mixture containing 
0.6% NP40, 1% sodium deoxycholate, 1 M KC1, 10 mM p-mercaptoethanol, 
10 mM Tris-HCl (pH 7.4) and 5 mM EDTA ( final concentrations ) , allowed 

30 to stand at 20°C for 20 min, and then centrifuged at 11, 000 x g for 
20 min. Supernatant comprising RNP is layered on 50% glycerol 
comprising 0.2% NP40, 30 mM NaCl, 10 mM Tris-HCl and 1 mM EDTA, and 
centrifuged at 39,000 rpm for 2 h at 4°C to recover precipitates. 
RNP complex contained in the precipitates can be purified by dispersing 

35 the precipitates again in a solution containing 0.5% Triton X-100, 
layering the dispersion on a 10 to 40% sucrose density gradient, and 
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centrifuging it at 20, 000 to 30, 000 rpm for 30 min to recover a single 

band containing a highly purified RNP. 

Complexes of this invention can be appropriately diluted, for 

example, with physiological saline and phosphate-buffered 
5 physiological saline (PBS) to prepare a composition. When complexes 

of this invention are proliferated in chicken eggs and such, the 

composition can include chorioallantoic fluid. Compositions 

comprising complexes of this invention may contain physiologically 

acceptable media such as deionized water, 5% dextrose aqueous solution, 
10 and so on, and, furthermore, other stabilizers and antibiotics may 

also be contained. 

Once RNP-comprising RNA inserted with a foreign gene is prepared, 

it can be transferred to target cells using gene transfer reagents. 

As gene transfer reagents, cationic lipids or cationic polymers are 
15 preferred. 

Cationic lipids include compounds represented by Formula (I) 
in Published Japanese Translation of International Publication No. 
Hei 5-508626. Preferably, cationic lipids are synthetic lipidic 
compounds. Cationic lipids may be also diether or diester compounds, 
20 preferably aliphatic ethers. Specific examples are the following 
compounds : 

DOGS (Transfectam™) or DOTMA (Lipof ectin™) (diether compound) , 
DOTAP (diester compound) , 
DOPE (dioleoylphosphatidylethanolamine) , 
25 DOPC (dioleoylphosphatidylcholine) , 

DPRI Rosenthal inhibitor (RI) (dipalmitoyl derivative of DL-2,3- 

distearoyloxypropyl (dimethyl) p-hydroxyethylammonium bromide 
(Sigma) , and 

DORI (dioleyl derivative of the above compound) . 
30 Cationic polymers are cationic high molecular compounds, 

preferably synthetic molecules. Specific examples are polylysine, 

aliphatic polyamines, polyethyleneimine, etc. 

Complexes of this invention can be mixed with the 

above-described cationic lipids or cationic polymers to prepare 
35 compositions for gene transfer. This composition for gene transfer 

can be appropriately combined with a medium such as physiological 
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saline, and solutes such as salts, stabilizers, etc. By adding the 
composition for gene transfer of this invention to cells, the complex 
of this invention can be transferred into the cells to express the 
gene from RNA contained in the complex. 
5 Gene therapy is enabled when a therapeutic gene is used as the 

foreign gene. In the application of complexes of this invention to 
gene therapy, it is possible to express a foreign gene with which 
treatment effects are expected or an endogenous gene the supply of 
which is insufficient in the patient's body, by either direct or 

10 indirect (ex vivo) administration of the complex. There is no 
particular limitation on the type of foreign gene, and in addition 
to nucleic acids encoding proteins, they may be nucleic acids encoding 
no proteins, such as an antisense or ribozyme . In addition, when genes 
encoding antigens of bacteria or viruses involved in infectious* 

15 diseases are used as foreign genes, immunity can be induced in animals 
by administering these genes to the animals. That is, these genes 
can be used as vaccines . 

When using as vaccines, they may be applicable for , for example, 
cancers, infectious diseases and other general disorders. For 

20 example, as a cancer treatment, it is possible to express genes with 
therapeutic effects on tumor cells or antigen presenting cells (APC) 
such as DC cells. Examples of such genes are those encoding the tumor 
antigen Muc-1 or Muc-1 like mutin tandem repeat peptide (US Patent 
No. 5,744,144), melanoma gplOO antigen, etc. Such treatments with 

25 genes have been widely applied to cancers in the mammary gland, colon, 
pancreas, prostate, lung, etc. Combination with cytokines to enhance 
adjuvant effects is also effective, in gene therapy. Examples of such 
genes are i) single-chain IL-12 in combination with IL-2 (Proc. Natl. 
Acad. Sci. USA 96 (15) : 8591-8596, ii) interferon-y in combination 

30 with IL-2 (US Patent No. 5,798, 100), iii) granulocyte 
colony-stimulating factor (GM-CSF) used alone, and iv) GM-CSF aiming 
at the treatment of brain tumor in combination with IL-4 (J. 
Neurosurgery, 90 (6), 1115-1124 (1999)), etc. 

Examples of genes used for the treatment of infectious diseases 

35 are those encoding the envelope protein of the virulent strain H5N1 
type of influenza virus, the envelope chimera protein of Japanese 
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encephalitis virus (Vaccine, vol. 17, No. 15-16, 1869-1882 (1999)), 
the HIV gag or SIV gag protein of AIDS virus (J. Immunology (2000), 
vol. 164, 4968-4978), the HIV envelope protein, which is incorporated 
as a oral vaccine encapsulated in polylactate- glycol copolymer 
5 microparticles for administration (Kaneko, H. et al., Virology 267, 
8-16 (2000)), the B subunit (CTB) of cholera toxin (Arakawa, T. et 
al., Nature Biotechnology (1998) 16 (10): 934-8; Arakawa, T. et al . , 
Nature Biotechnology (1998) 16 (3): 292-297), the glycoprotein of 
rabies virus (Lodmell, D. L. et al., 1998, Nature Medicine 4 (8): 

10 949-52) , and the capsid protein LI of human papilloma virus 6 causing 
cervical cancer (J. Med. Virol., 60, 200-204 (2000). 

Gene therapy may also be applied to general disorders. For 
example, in the case of diabetes, the expression of insulin peptide 
fragment by inoculation of plasmid DNA encoding the peptide has been 

15 performed in type I diabetes model animals (Coon, B. et al., J. Clin. 
Invest., 1999, 104 (2): 189-94). 

Brief Description of the Drawings 

Figure 1 is a photograph showing an analytical result of the 
20 expression of F protein via a Cre-loxP-inducible expression system 
by Western blotting. It shows the result of detecting proteins on 
a transfer membrane cross-reacting to the anti-SeV-F antibody by 
chemiluminescence method . 

Figure 2 indicates a diagram showing an analytical result of 
25 cell-surface display of F protein the expression of which was induced 
by the Cre-loxP system. It shows results of flow cytometry analysis 
for LLC-MK2/F7 with the anti-SeV-F antibody. 

Figure 3 indicates a photograph showing the result confirming 
cleavage of the expressed F protein by trypsin using Western blotting. 
30 Figure 4 indicates photographs showing the result confirming 

cell-surface expression of HN in an experiment - of cell-surface 
adsorption onto erythrocytes. 

Figure 5 indicates photographs showing the result obtained by 
an attempt to harvest the deficient viruses by using cells expressing 
35 the deficient protein. It was revealed that the expression of F 
protein by the helper cell line was stopped rapidly by the vaccinia 
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viruses used in the reconstitution of F-deficient SeV. 

1. LLOMK2 and CV-1 represent cell lysates from the respective cell 
types alone. 

2. LLC-MK2/F+ad and CV-l/F+ad represent cell lysates from the 
5 respective cells that have been subjected to the induction of 

expression and to which adenovirus AxCANCre has been added. 

3. LLC-MK2/F-ad and CV-l/F-ad represent cell lysates from the 
respective cell lines in which the F gene but no adenovirus AxCANCre 
has been introduced. 

10 4. LLC-MK2/F+ad 3rd represents a .cell lysate from cells in which the 
expression was induced by adenovirus AxCANCre and which were then 
further passaged 3 times. 

5. Id and 3d respectively indicate one day and three days after the 
induction of expression. 
15 6. Vacld and Vac3d respectively indicate cells one day and three days 
after the infection of vaccinia virus. 

7. AraCld and AraC3d respectively indicate cells one day and three 
days after the addition of AraC. 

8. CHX Id and CHX 3d respectively indicate cells one day and three 
20 days after the addition of protein synthesis inhibitor cycloheximide . 

Figure 6 indicates photographs showing the result that was 
obtained by observing GFP expression after GFP-comprising F-deficient 
SeV cDNA'(pSeV18 + /AF-GFP) was transfected into LLC-MK2 cells in which 
F was not expressed (detection of RNP) . In a control group, the F 

25 gene was shuffled with the NP gene at the 3' end, and then, SeV cDNA 
(F-shuf f led SeV) , in which GFP had been introduced into the F-deficient 
site, was used. The mark "all" indicates cells transfected with 
plasmids directing the expression of the NP gene, P gene, and L gene 
(pGEM/NP, pGEM/P, and pGEM/L) together with SeV cDNA at the same time; 

30 "cDNA" indicates cells transfected with cDNA (pSeV18 + /AF-GFP) alone. 
For RNP transf ection, P0 cells expressing GFP were collected; the 
cells (10 7 cells/ml) were suspended in OptiMEM (GIBCO BRL) ; 100 |il 
of lysate prepared after treating three times with f reeze-thaw cycles 

was mixed with 25 \xl of cationic liposome DOSPER (Boehringer Mannheim) 
35 and allowed to stand still at room temperature for 15 minutes; and 
the mixture was added to cells (+ad) in which the expression of F 
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had been induced to achieve the RNP transf ection . Cells expressing 
Cre DNA recombinase, in which no recombinant adenovirus had been 
introduced, were used as a control group of cells (-ad) . The result 
showed that GFP was expressed depending on the RNP formation of SeV 
5 in PO in LLC-MK2 cells; and the F-deficient virus was amplified 
depending on the induction of expression of F in PI. 

Figure 7 indicates photographs showing the result that was 
obtained by studying whether functional RNP reconstituted with 
F-deficient genomic cDNA could be rescued by the F-expressing helper 

10 cells and form the infective virion of the deficient virus. RNP/o 
represents cells overlaid with RNP; RNP/ t represents cells that was 
transf ected with RNP. 

Figure 8 indicates photographs showing the evidence for the 
F-expressing cell-specific growth of the F-deficient virus. The 

15 lysate comprising functional RNP constructed from the genome lacking 
the gene was lipofected to the F-expressing cells as described in 
Example 2; and the culture supernatant was then recovered. This 
culture supernatant was added to the medium of the F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 

20 was recovered and concurrently added to both F-expressing cells and 
cells that had not expressed F; and then the cells were cultured in 
the presence or absence of trypsin for three days. The result is shown 
here. The viruses were amplified only in the presence of trypsin in 
the F-expressing cells. 

25 Figure 9 indicates photographs showing evidence for specific 

release of the F-deficient viruses to the culture supernatant after 
the introduction into F-expressing cells. The lysate comprising 
functional RNP constructed from the genome lacking the gene was 
lipofected to the F-expressing cells as described in Example 2 and 

30 then the culture supernatant was recovered. This culture supernatant 
was added to the medium of the F-expressing cells to achieve the 
infection; on the third day, the culture supernatant was recovered 
and concurrently added to both F-expressing cells and cells that did 
not express F; and then the cells were cultured in the presence or 

35 absence of trypsin for three days. The bottom panel shows the result 
with supernatant of the cells that did not express F. 
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Figure 10 indicates photographs showing the result obtained by 
recovering viruses from the culture supernatant of the F-expressing 
cells, extracting the total RNA and performing Northern blot analysis 
using F and HN as probes to verify the genomic structure of virion 
5 recovered from the F-deficient cDNA. In the viruses recovered from 
the F-expressing cells, the HN gene was detected but the F gene was 
not detectable; and thus it was clarified that the F gene was not 
present in the viral genome. 

Figure 11 indicates photographs showing the result of RT-PCR, 

10 which demonstrates that the GFP gene is present in the locus where 
F had been deleted, as in the construct of the cDNA. 1: +18-NP, for 
the confirmation of the presence of +18 NotI site. 2: M-GFP, for the 
confirmation of the presence of the GFP gene in the F gene-deficient 
region. 3: F gene, for the confirmation of the presence of the F gene. 

15 The genomic structures of wild type SeV and F-deficient GFP-expressing 
SeV are shown in the top panel. It was verified that the GFP gene 
was present in the F-deficient locus, +18-derived NotI site was present 
at the 3' end of NP and the F gene was absent in any part of the RNA 
genome . 

20 Figure 12 indicates photographs that were obtained by the 

immuno-electron microscopic examination with gold colloid-bound IgG 
(anti-F, anti-HN) specifically reacting to F or HN of the virus. It 
was clarified that the spike-like structure of the virus envelope 
comprised F and HN proteins. 

25 Figure 13 indicates diagrams showing the result of RT-PCR, which 

demonstrates that the structures of genes except the GFP gene were 
the same as those from the wild type. 

Figure 14 indicates photographs showing the result obtained by 
examining the F-deficient virus particle morphology by electron 

30 microscopy. Like the wild-type virus particles, the F-deficient 
virus particles had helical RNP structure and spike-like structure 
inside . 

Figure 15 indicates photographs showing the result of in vitro 
gene transfer to a variety of cells using an F-deficient SeV vector 
35 with a high efficiency. 

Figure 16 indicates diagrams showing the analytical result 
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obtained after the introduction of the F-deficient SeV vector into 
primary bone marrow cells from mouse (BM c-kit+/-) . Open bars 
represent ■ PE-positive/GFP-negative; closed bars represent 
PE-positive/GFP-positive . 
5 Figure 17 indicates photographs showing the result of in vivo 

administration of the vector into the rat cerebral ventricle. 

Figure 18 indicates photographs showing the result obtained by 
using the culture supernatant comprising F-deficient SeV viruses 
recovered from the F-expressing cells to infect LLC-MK2 cells that 
10 do not express F, culturing the cells in the presence or absence of 
trypsin for three days to confirm the presence of viruses in the 
supernatant by HA assay. 

Figure 19 is a photograph showing the result obtained by 
conducting HA assay of chorioallantoic fluids after a 2-day incubation 
15 of embryonated chicken egg that had been inoculated with 
chorioallantoic fluid (lanes 11 and 12) from HA-positive embryonated 
eggs in Figure 18B. 

Figure 20 indicates photographs showing the result obtained by 
examining the virus liquid, which is HA-positive and has no inf ectivity, 
20 by immuno-electron microscopy. The presence of the virus particles 
was verified and it was found that the virion envelope was reactive 
to antibody recognizing HN protein labeled with gold colloid, but 
not reactive to antibody recognizing F protein labeled with gold 
colloid. 

25 Figure 21 indicates photographs showing the result of 

transfection of F-deficient virus particles into cells. 

Figure 22 indicates photographs showing the result of creation 
of cells co-expressing F and HN, which were evaluated by Western 
blotting. LLC/VacT7 / pGEM/ FHN represents cells obtained by 

30 transfecting vaccinia-infected LLC-MK2 cells with pGEM/FHN plasmid; 
LLC/VacT7 represents vaccinia-infected LLC-MK2 cells. 
LLCMK2 / FHNmix represents LLC-MK2 cells in which the F and HN genes 
were introduced but not cloned. LLC /FHN represents LLC-MK2 cells in 
which the F and HN genes were introduced and the expression was induced 

35 by adenovirus (after 3 days); 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4-3 
and 5-9 are cell-line numbers (names) in the cloning. 
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Figure 23 indicates photographs showing the result for the 
confirmation of virus generation depending on the presence or absence 
pGEM/FHN. FHN-deficient GFP-expressing SeV cDNA, pGEM/NP, pGEM/P, 
pGEM/L, and pGEM/FHN were mixed and introduced into LLC-MK2 cells. 
5 3 hours after the gene transfer, the medium was changed with MEM 
containing AraC and trypsin and then the cells were further cultured 
for three days. 2 days after the gene transfer, observation was 
carried out with a stereoscopic fluorescence microscope to evaluate 
the difference depending on the presence or absence of pGEM/FHN, and 

10 the virus generation was verified based on the spread of GFP-expressing 
cells. The result is shown here. When pGEM/FHN was added at the time 
of reconstitution, the spread of GFP-expressing cells was recognized; 
but when no pGEM/FHN was added, the GFP expression was observable 
merely in a single cell. 

15 Figure 24 indicates photographs showing the result of 

reconstitution by RNP transfection and growth of FHN-deficient 
viruses. On the third day after the induction of expression, cells 
co-expressing FHN (12 wells) were lipofected by using P0 RNP overlay 
or DOSPER, and then GFP was observed after 4 days. When RNP 

20 transfection was conducted, the harvest of viruses was successful 
for PI FHN-expressing cells as was for the F-deficient ones (top) . 
The growth of the FHN-deficient viruses was verified after inoculating 
a liquid comprising the viruses to cells in which the expression of 
FHN protein was induced 6 hours or more after the infection with Ade/Cre 

25 (bottom panel) . 

Figure 25 indicates photographs showing the result obtained 
after inoculating the liquid comprising viruses reconstituted from 
FHN-deficient GFP-expressing cDNA to LLC-MK2, LLC-MK2/F, LLC-MK2/HN, 
and LLC-MK2/FHN and culturing them in the presence or absence of the 

30 trypsin. The spread of cells expressing GFP protein was verified 3 
days after the culture. The result is shown here. The expansion of 
GFP was observed only with LLC-MK2/FHN, and thus it was verified that 
the virus contained in the liquid was grown in a manner specific to 
FHN co-expression and dependent on trypsin. 

35 Figure 2 6 is a photograph showing the result where the 

confirmation was carried out for the genomic structure of RNA derived 
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from supernatant of the FHN-expressing cells. 

Figure 27 is a photograph showing the result where the 
confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the F-expressing cells infected with the 
5 FHN-def icient viruses. 

Figure 28 is a diagram showing inactivation of vaccinia virus 
and T7 activity when psoralen concentration was varied in psoralen/UV 
irradiation. 

Figure 29 is a diagram showing inactivation of vaccinia virus 
10 and T7 RNA polymerase activity when the duration of UV irradiation 
was varied in psoralen/UV irradiation. 

Figure 30 indicates photographs showing a cytotoxicity (CPE) 
of vaccinia virus after psoralen/UV irradiation. 3x 10 5 LLC-MK2 cells 
were plated on a 6-well plate. After culturing overnight, the cells 
15 were infected with vaccinia virus at moi=2 . After 24 hours, CPE was 
determined. The result of CPE with mock-treatment of vaccinia virus 
is shown in A; CPE after the treatment with vaccinia virus for 15, 
20, or 30 minutes are shown in B, C, and D, respectively. 

Figure 31 is a diagram indicating the influence of duration of 
20 UV treatment of vaccinia virus on the reconstitution efficiency of 
Sendai virus. 

Figure 32 is a diagram indicating the titer of vaccinia virus 

capable of replicating that remained in the cells after the 

reconstitution experiment of Sendai virus. 
25 Figure 33 is a photograph showing a result of Western blot 

analysis using anti-VSV-G antibody. 

Figure 34 indicates a diagram showing results of flow cytometry 

analysis using anti-VSV-G antibody. It shows the result of analysis 

of LLC-MK2 cell line (LI) for the induction of VSV-G expression on 
30 the fourth day after AxCANCre infection (moi=0, 2.5, 5). Primary 

antibody used was anti-VSV-G antibody (MoAb 1-1) ; secondary antibody 

was FITC-labeled anti-mouse Ig. 

Figure 35 indicates photographs showing a result where 

supernatants were recovered after the infection with altered amounts 
35 of AxCANCre (MOI=0, 1.25, 2.5, 5, 10) and a constant amount of 

pseudo-type Sendai virus having a F gene-deficient genome, and further 
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the supernatants were used to infect cells before VSV-G induction 
(-) and after induction ( + ) , and cells expressing GFP were observed 
after 5 days. 

Figure 36 indicates photographs showing the result obtained for 
5 the time course of virus production amount. 

Figure 37 indicates photographs showing the result obtained by 
examining whether the infectivity is influenced by the treatment of 
pseudo-type Sendai virus having the F gene-deficient genome, which 
was established with the VSV-G-expressing cell line, and 
10 FHN-def icient Sendai virus treated with anti-VSV antibody. 

Figure 38 indicates photographs showing the result where the 
expression of the GFP gene was tested as an index to determine the 
presence of production of the pseudo-type virus having VSV-G in its 
capsid after the infection of VSV-G gene-expressing cells LLCG-L1 
15 with F and HN-def icient Sendai virus comprising the GFP gene. 

Figure 39 indicates photographs showing the result confirming 
that viruses grown in the VSV-G gene-expressing cells were deficient 
in F and HN genes by Western analysis of protein in the extract of 
infected cells. 

20 Figure 40 indicates photographs showing the result for the 

observation of GFP-expressing cells under a fluorescence microscope. 

Figure 41 is a diagram showing the improvement in efficiency 
for the reconstitution of SeV/AF-GFP by the combined used of the 
envelope-expressing plasmid and cell overlay. Considerable 

25 improvement was recognized at d3 to d4 (day 3 to day 4) of P0 (prior 
to passaging) . 

Figure 42 is a diagram showing the result where treatment 

conditions were evaluated for the reconstitution of SeV/AF-GFP by 
the combined used of the envelope-expressing plasmid and cell overlay. 

30 GFP-positive cells represent the amount of virus reconstituted. 

Figure 43 is a diagram showing the result where the rescue of 
F-deficient Sendai viruses from cDNA was tested. It shows the 
improvement in efficiency for the reconstitution of SeV/AF-GFP by 
the combined used of the envelope-expressing plasmid and cell overlay. 

35 All the tests were positive on the seventh day. However, the 
efficiency was evaluated on the third day where the probability of 
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success was midrange. 

Figure 44 indicates photographs showing the result of lacZ 
expression by LacZ-comprising F-deficient Sendai virus vector 
comprising no GFP. 
5 Figure 45 indicates diagrams showing subcloning of Sendai virus 

genomic cDNA fragment (A) and structures of 5 Sendai virus genomic 
cDNAs constructed with newly introduced NotI site (B) . 

Figure 4 6 is a diagram showing structures of plasmids to be used 
for cloning to add NotI site, transcription initiation signal, 
10 intervening sequence, and transcription termination signal into SEAP. 

Figure 47 indicates photographs showing the result of plaque 
assay of each Sendai virus vector . It shows partial fluorescence image 
in the plaque assay obtained by LAS1000. 

Figure 48 is a diagram showing the result where altered 
15 expression levels of reporter gene (SEAP) were compared with one 
another among the respective Sendai virus vectors. The data of 
SeV18 + /SEAP was taken as 100 and the respective values were indicated 
relative to it. It was found that the activity, namely the expression 
level, was decreased as the SEAP gene was placed more downstream. 
20 Figure 49 indicates microscopic photographs showing the 

expression of GFP in PI cells co-expressing FHN. 

Figure 50 indicates photographs showing the result of Western 
blot analysis of the extracts from cells infected with VSV-G 
pseudo-type SeV/AF:GFP using anti-F antibody (anti-F) , anti-HN 
25 antibody (anti-HN), and anti-Sendai virus antibody (anti-SeV) . 

Figure 51 indicates photographs showing GFP fluorescence from 
F- and HN-deficient cells infected with VSV-G pseudo-type SeV in the 
presence or absence of a neutralizing antibody (VGV antibody) . 

Figure 52 indicates photographs showing results of Western 
30 analysis for VSV-G pseudo-type Sendai viruses having F gene-deficient 
or F gene- and HN gene-deficient genome, which were fractionated by 
density gradient ultracentrif ugation . 

Figure 53 indicates photographs showing hemagglutination test 
mediated with Sendai viruses having F gene-deficient genome, or VSV-G 
35 pseudo-type Sendai viruses having F gene-deficient or F gene- and 
HN gene-deficient genome. 
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Figure 54 indicates diagrams showing the specificity of 
infection to culture cells of Sendai virus having F gene-deficient 
genome or VSV-G pseudo-type Sendai virus. 

Figure 55 indicates photographs showing the confirmation of the 
5 structures of NGF-expressing F-def icient Sendai virus (NGF/SeV/AF) . 

Figure 56 is a diagram showing the activity of NGF expressed 
by the NGF-comprising cells infected with F-deficient SeV. With the 
initiation of culture, diluted supernatant of SeV-infected cells or 
NGF protein (control) was added to a dissociated culture of primary 
10 chicken dorsal root ganglion ( DRG) neurons . After three days, the 
viable cells were counted by using mitochondrial reduction activity 
as an index (n=3) . The quantity of culture supernatant added 
corresponded to 1000-fold dilution. 

Figure 57 indicates photographs showing the activity of NGF* 
15 expressed by the NGF-comprising cells infected with F-deficient SeV. 
With the initiation of culture, diluted supernatant of SeV-infected 
cells or NGF protein (control) was added to a dissociated culture 
of primary chicken dorsal root ganglion (DRG) neurons. After three 
days, the samples were observed under a microscope, 
20 A) control (without NGF) ; 

B) addition of NGF protein (10 ng/mL) ; 

C) addition of culture supernatant (100-fold diluted) of NGF/ SeV 
infected cells; 

D) addition of culture supernatant (100-fold diluted) of NGF/ SeV 
25 infected cells; 

E) addition of culture supernatant (100-fold diluted) of NGF/SeV/AF 
infected cells, and; 

F) addition of culture supernatant (100-fold diluted) of 
NGF/ SeV/AF-GFP infected cells. 

30 Figure 58 is a photograph showing moi of Ad-Cre and the 

expression level of F protein. 

Figure 59 indicates photographs showing the expression of 
LLC-MK2/F by Adeno-Cre. 

Figure 60 is a photograph showing the durability of expression 
35 over the passages. 

Figure 61 indicates photographs showing the localization of F 
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protein over the passages. 

Figure 62 is a diagram showing the correlation between GFP-CIU 
and anti-SeV-CIU. 

5 Best Mode for Carrying out the Invention 

The present invention is illustrated in detail below with 
reference to Examples, but is not to be construed as being limited 
thereto. 

[Example 1] Construction of F-deficient Sendai virus 
10 <1> Construction of F-deficient SeV genomic cDNA and F-expressing 
plasmid 

The full-length genomic cDNA of Sendai virus (SeV), pSeV18 + b( + ) 
(Hasan, M. K. et al., 1997, J. General Virology 78 : 2 813-2 82 0) ("pSeV18 + 
b( + )" is also referred to as "pSeV18 + ") was digested with Sphl/Kpnl, 

15 and the resulting fragment (14673 bp) was recovered and cloned into 
pUC18, which was named plasmid pUC18/KS. The F-disrupted site was 
constructed on this pUC18/KS. The F gene disruption was performed 
by the combined use of PCR-ligation method, and as a result, the ORF 
for the F gene (ATG-TGA=1698 bp) was removed; thus atgcatgccggcagatga 

20 (SEQ ID NO: 1) was ligated to it to construct the F-deficient SeV 
genomic cDNA (pSeV18 + /AF) . In PCR, a PCR product generated by using 
a primer pair (forward: 5 1 -gttgagtactgcaagagc/SEQ ID NO: 2, reverse: 
5 ' -tttgccggcatgcatgtttcccaaggggagagttttgcaacc/SEQ ID NO: 3) was 
ligated upstream of F and another PCR product generated by using a 

25 primer pair (forward: 5 1 -atgcatgccggcagatga/SEQ ID NO: 4, reverse: 
5 1 -tgggtgaatgagagaatcagc/SEQ ID NO: 5) was ligated downstream of the 
F gene at EcoT22l site. The resulting plasmid was digested with SacI 
and Sail, and then the fragment (4931 bp) spanning the region 
comprising the site where F is disrupted was recovered and cloned 

30 into pUC18 to generate pUC18/dFSS. This pUC18/dFSS was digested with 
Drain. The resulting fragment was recovered and substituted with 
a Drain fragment from the region comprising the F gene of pSeV18 + ; 
and the ligation was carried out to generate plasmid pSeV18 + /AF. 

Further, in order to construct a cDNA (pSeV18 + /AF-GFP) in which 

35 ' the EGFP gene has been introduced at the site where F was disrupted, 
the EGFP gene was amplified by PCR. To set the EGFP gene with a multiple 



30 



of 6 (Hausmann, S. et al., RNA 2, 1033-1045 (1996)), PCR was carried 
out with an Nsil-tailed primer ( 5 1 -atgcatatggtgatgcggttttggcagtac. 
SEQ ID NO: 6) for the 5' end and an NgoMIV-tailed primer 
(S'-Tgccggctattattacttgtacagctcgtc.SEQ ID NO: 7) for the 3' end. The 
5 PCR products were digested with restriction enzymes Nsil and NgoMIV, 
and then the fragment was recovered from the gel; the fragment was 
ligated at the site of pUC18/dFSS between Nsil and NgoMIV restriction 
enzyme sites where the disrupted F is located and the sequence was 
determined. A Drain fragment comprising the EGFP gene was removed 
10 and recovered from the site, and substituted for a Drain fragment 
in the region comprising the F gene of pSeV18 + ; then ligation was 

carried out to obtain plasmid pSeV18 + /AF-GFP . 

On the other hand, Cre-loxP-inducible expression plasmid for 
F gene expression was constructed by amplifying the SeV F gene by 

15 PCR, confirming the sequence, and inserting into the unique site Swal 
of plasmid pCALNdlw (Arai et al., J. Virology 72, 1998, plll5-1121), 
in which the expression of gene products has been designed to be induced 
by Cre DNA recombinase, to obtain plasmid pCALNdLw/F. 
<2> Preparation of helper cells inducing the expression of SeV-F 

20 protein 

To recover infectious virus particles from F-deficient genome, 
a helper cell strain expressing SeV-F protein was established. The 
cell utilized was LLC-MK2 cell that is commonly used for the growth 
of SeV and is a cell strain derived from monkey kidney. The LLC-MK2 
25 cells were cultured in MEM containing 10% heat-treated inactivated 
fetal bovine serum (FBS) , sodium penicillin G (50 units/ml), and 

streptomycin (50 jxg/ml) at 37 °C under 5% CO2 gas. Because SeV-F gene 

product is cytotoxic, the above-mentioned plasmid pCALNdLw/F designed 

to induce the expression of F gene product through Cre DNA recombinase 
30 was introduced into LLC-MK2 cells by calcium phosphate method 

(mammalian transfection kit (Stratagene) ) according to the gene 

transfer protocol . 

10 jug of plasmid pCALNdLw/F was introduced into LLC-MK2 cells 

grown to be 40% confluent in a 10-cm plate, and the cells were cultured 
35 in 10 ml of MEM containing 10% FBS at 37 °C under 5% C0 2 for 24 hours 

in an incubator. After 24 hours, the cells were scraped off, and 
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suspended in 10 ml medium; then the cells were plated on 5 dishes 
with 10-cm diameter (one plate with 5 ml; 2 plates with 2 ml; 2 plates 

with 0.2 ml) in MEM containing 10 ml of 10% FBS and 1200 (ag/ml G418 
(GIBCO-BRL) for the cultivation. The culture was continued for 14 
5 days while the medium was changed at 2-day intervals, to select cell 
lines in which the gene has been introduced stably. 30 cell strains 
were recovered as G418-resistant cells grown in the medium by using 
cloning rings. Each clone was cultured to be confluent in 10-cm 
plates. 

10 After the infection of each clone with recombinant adenovirus 

AxCANCre expressing Cre DNA recombinase, the cells were tested for 
the expression of SeV-F protein by Western blotting using anti-SeV-F 
protein monoclonal IgG (f236; J. Biochem. 123: 1064-1072) as follows. 
After grown to be confluent in a 6-cm dish, each clone was 

15 infected with adenovirus AxCANCre at moi=3 according to the method 
of Saito et al . , (Saito et al . , Nucl . Acids Res . 23 : 3816-3821 (1995) ; 
Arai, T. et al., J Virol 72, 1115-1121 (1998)). After the infection, 
the cells were cultured for 3 days. The culture supernatant was 
discarded and the cells were washed twice with PBS buffer, scraped 

20 off with a scraper and were collected by centrif ugation at 1500x g 
for five minutes. 

The cells are kept at -80°C and can be thawed when used. The 
cells collected were suspended in 150 ]xl PBS buffer, and equal amount 
of 2x Tris-SDS-BME sample loading buffer (0.625 M Tris, pH 6.8, 5% 

25 SDS, 25% 2 -ME, 50% glycerol, 0.025% BPB; Owl) was added thereto. The 
mixture was heat-treated at 98 °C for 3 minutes and then used as a 
sample for electrophoresis. The sample (lx 10 5 cells/lane) was 
fractionated by electrophoresis in an SDS-polyacrylamide gel (Multi 
Gel 10/20, Daiichi Pure Chemicals) . The fractionated proteins were 

30 transferred onto a PVDF transfer membrane (Immobilon-P transfer 
membranes; Millipore) by semi-dry blotting. The transfer was carried 
out under a constant current of 1 mA/cm 2 for 1 hour onto the transfer 
membrane that had been soaked in 100% methanol for 30 seconds and 
then in water for 30 minutes. 

35 The transfer membrane was shaken in a blocking solution 

containing 0.05% Tween20 and 1% BSA (BlockAce; Snow Brand Milk 
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Products) for one hour, and then it was incubated at room temperature 
for 2 hours with an anti-SeV-F antibody (f236) which had been diluted 
1000-folds with a blocking solution containing 0.05% Tween 20 and 
1% BSA. The transfer membrane was washed 3 times, in 20 ml of PBS-0 . 1% 
5 Tween20 while being shaken for 5 minutes and then it was washed in 
PBS buffer while being shaken for 5 minutes. The transfer membrane 
was incubated at room temperature for one hour in 10 ml of 
peroxidase-conjugated anti-mouse IgG antibody (Goat anti-mouse IgG; 
Zymed) diluted 2000-fold with the blocking solution containing 0.05% 

10 Tween 20 and 1% BSA. The transfer membrane was washed 3 times with 
20 ml of PBS-0. 1% Tween20 while being shaken for 5 minutes, and then 
it was washed in PBS buffer while being shaken for 5 minutes. 

Detections were carried out for proteins cross-reacting to the 
anti-SeV-F antibody on the transfer membrane by chemiluminescence 

15 method (ECL western blotting detection reagents; Amersham) . The 
result is shown in Figure 1 . The SeV-F expression specific to AxCANCre 
infection was detected to confirm the generation of LLC-MK2 cells 
that induce expression of a SeV-F gene product. 

One of the several resulting cell lines, LLOMK2/F7 cell, was 

20 analyzed by flow cytometry with an anti-SeV-F antibody (Figure 2) . 
Specifically, Ix 10 5 cells were precipitated by centrif ugation at 

15, 000 rpm at 4°C for 5 minutes, washed with 200 jil PBS, and allowed 
to react in PBS f or FACS (NIKKEN CHEMICALS ) containing 100-fold diluted 
anti-F monoclonal antibody (f236) , 0.05% sodium azide, 2% FCS at 4°C 

25 for 1 hour in a dark place . The cells were again precipitated at 15,000 
rpm at 4°C for 5 minutes, washed with 200 ^il PBS, and then allowed 
to react to FITC-labeled anti-mouse IgG (CAPPEL) of 1 |ig/ml on ice 
for 30 minutes. Then the cells were again washed with 200 (il PBS, 
and then precipitated by centrif ugation at 15, 000 rpm at 4°C for 5 

30 minutes. The cells were suspended in 1 ml of PBS for FACS and then 
analyzed by using EPICS ELITE (Coulter) argon laser at an excitation 
wavelength of 4 88 nm and at a fluorescence wavelength of 525 nm. The 
result showed that LLC-MK2/F7 exhibited a high reactivity to the 
antibody in a manner specific to the induction of SeV-F gene expression, 

35 and thus it was verified that SeV-F protein was expressed on the cell 
surface . 
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[Example 2] Confirmation of function of SeV-F protein expressed by 
helper cells 

It was tested whether or not SeV-F protein, of which expression 
5 was induced by helper cells, retained the original protein function. 

After plating on a 6-cm dish and grown to be confluent, 
LLC-MK2/F7 cells were infected with adenovirus AxCANCre at moi=3 
according to the method of Saito et al. (described above) . Then, the 
cells were cultured in MEM (serum free) containing trypsin (7.5jj,g/ml; 

10 GIBCOBRL) at 37 °C under 5% C0 2 in an incubator for three days. 

The culture supernatant was discarded and the cells were washed 
twice with PBS buffer, scraped off with a scraper, and collected by 
centrifugation at 1500 x g for five minutes . The cleavage of expressed 
F protein by trypsin was verified by Western blotting as described 

15 above (Figure 3) . SeV-F protein is synthesized as F0 that is a 
non-active protein precursor, and then the precursor is activated 
after being digested into two subunits Fl and F2 by proteolysis with 
trypsin. LLC-MK2/F7 cells after the induction of F protein expression 
thus, like ordinary cells, continues to express F protein, even after 

20 being passaged, and no cytotoxicity mediated by the expressed F protein 
was observed as well as no cell fusion of F protein-expressing cells 
was observed. However, when SeV-HN expression plasmid (pCAG/SeV-HN) 
was transf ected into the F-expressing cells and the cells were cultured 
in MEM containing trypsin for 3 days, cell fusion was frequently 

25 observed. The expression of HN on the cell surface was confirmed in 
an experiment using erythrocyte adsorption onto the cell surface 
(Hematoadsorption assay; Had assay) (Figure 4) . Specifically, 1% 
chicken erythrocytes were added to the culture cells at a concentration 
of 1 ml/dish and the mixture was allowed to stand still at 4°C for 

30 10 minutes. The cells were washed 3 times with PBS buffer, and then 
colonies of erythrocytes on the cell surface were observed. Cell 
fusion was recognized for cells on which erythrocytes aggregated; 
cell fusion was found to be induced through the interaction of F protein 
with HN; and thus it was demonstrated that F protein, the expression 

35 of which was sustained in LLC-MK2/F7, retained the original function 
thereof . 
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[Example 3] Functional RNP having F-deficient genome and formation 
of virions 

To recover virions from the deficient viruses, it is necessary 
5 to use cells expressing the deficient protein. Thus, the recovery 
of the deficient viruses was attempted with cells expressing the 
deficient protein, but it was revealed that the expression of F protein 
by the helper cell line stopped rapidly due to the vaccinia viruses 
used in the reconstitution of F-deficient SeV (Figure 5) and thus 

10 the virus reconstitution based on the direct supply of F protein from 
the helper cell line failed. It has been reported that replication 
capability of vaccinia virus is inactivated, but the activity of T7 
expression is not impaired by the treatment of vaccinia virus with 
ultraviolet light of long wavelengths (long-wave UV) in the presence 

15 of added psoralen ( PLWUV treatment ) (Tsungetal., J Virol 70, 165-171, 
1996) . Thus, virus reconstitution was attempted by using 
PLWUV-treated vaccinia virus ( PLWUV-VacT7 ) . UV Stratalinker 2400 
(Catalog NO. 400676 (100V) ; Stratagene, La Jolla, CA, USA) equipped 
with five 15-Watt bulbs was used for ultraviolet light irradiation. 

20 The result showed that the expression of F protein was inhibited from 
the F-expressing cells used in the reconstitution, but vaccinia was 
hardly grown in the presence of araC after lysate from the cells 
reconstituted with this PLWUV-VacT7 was infected to the helper cells, 
and it was also found that the expression of F protein by the helper 

25 cell line was hardly influenced. Further, this reconstitution of wild 
type SeV using this PLWUV-VacT7 enables the recovery of viruses from 
even 10 3 cells, whereas by previous methods, this was not possible 
unless 10 5 or more cells were there, and thus the efficiency of virus 
reconstitution was greatly improved. Thus, reconstitution of 

30 F-deficient SeV virus was attempted by using this method. 

<Reconstitution and amplification of F-deficient SeV virus> 

The expression of GFP was observed after transfecting LLC-MK2 
cells with the above-mentioned pSeV18 + /AF-GFP in which the enhanced 
green fluorescent protein (EGFP) gene had been introduced as a reporter 

35 into the site where F had been disrupted according to the 6n rule 
in the manner as described below. It was also tested for the influence 
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of the presence of virus-derived genes NP, P, and L that are three 
components required for the formation of RNP . 

LLC-MK2 cells were plated on a 100-mm Petri-dish at a 
concentration of 5x 10 6 cells/dish and were cultured for 24 hours. 
5 After the culture was completed, the cells were treated with psoralen 
and ultraviolet light of long wavelengths (365 nm) for 20 minutes, 
and the cells were infected with recombinant vaccinia virus expressing 
T7 RNA polymerase (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 
83, 8122-8126 (1986)) at room temperature for one hour (moi=2) (moi=2 

10 to 3; preferably moi=2) . After the cells were washed 3 times, plasmids 
pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al., Genes 
cells 1, 569-579 (1996)) were respectively suspended in quantities 
of 12 ^ig, 4 ^ig, 2 jig, and 4 jag /dish in OptiMEM (GIBCO) ; SuperFect 
transfection reagent (1 ]xq DNA/5 \il SuperFect; QIAGEN) was added 

15 thereto; the mixtures were allowed to stand still at room temperature 
for 10 minutes; then they are added to 3 ml of OptiMEM containing 
3% FBS; cells were added thereto and cultured. The same experiment 
was carried out using wild-type SeV genomic cDNA (pSeV(+)) (Kato, 
A. et al., Genes cells 1, 569-579 (1996)) as a control instead of 

20 pSeV18 + /AF-GFP. After culturing for 3 hours, the cells were washed 
twice with MEM containing no serum, and then cultured in MEM containing 
cytosine p-D-arabinofuranoside (AraC, 40 fig /ml; Sigma) and trypsin 
(7.5 jig /ml; GIBCO) for 70 hours. These cells were harvested, and the 
pellet was suspended in OptiMEM ( 10 7 cells/ml ) . After freeze-and-thaw 

25 treatment was repeated 3 times, the cells were mixed with lipofection 
reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 jil DOSPER) and 
allowed to stand still at room temperature for 15 minutes. Then 
F-expressing LLC-MK2/F7 cell line (10 6 cells /well in 12-well plate) 
was transfected, and the cells were cultured in MEM containing no 

30 serum (containing 40 (ig/ml AraC and 7.5 |ig/ml trypsin). 

The result showed that the expression of GFP was recognized only 
when all the three components, NP, P, and L derived from the virus 
are present and the deficient virus RNP expressing foreign genes can 
be generated (Figure 6) . 

35 <Conf irmation of F-deficient virions> 

It was tested whether the functional RNP reconstituted by 
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F-deficient genomic cDNA by the method as described above could be 
rescued by the F-expressing helper cells and form infective virions 
of F-deficient virus . Cell lysates were mixed with cationic liposome; 
the lysates were prepared by freeze/thaw from cells reconstituted 
5 under conditions in which functional RNP is formed (condition where 
pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L are transfected at the 
same time) or conditions under which functional RNP is not formed 
(conditions in which two plasmids, pSeV18 + /AF-GFP and pGEM/NP, are 
transfected) as described above; the lysates were lipofected into 

10 F-expressing cells and non-expressing cells; the generation of virus 
particles was observed based on the expansion of the distribution 
of GFP-expressing cells. The result showed that the expansion of 
distribution of GFP-expressing cells was recognized only when the 
introduction to the F-expressing cells was carried out by using a 

15 lysate obtained under condition in which functional RNP is 
reconstituted (Figure 7) . Furthermore, even in plaque assay, the 
plaque formation was seen only under the same conditions. From these 
results, it was revealed that functional RNPs generated from 
F-deficient virus genome were further converted into infective virus 

20 particles in the presence of F protein derived from F-expressing cells 
and the particles were released from the cells. 

The demonstration of the presence of infective F-deficient 
virions in the culture supernatant was carried out by the following 
experiment. The lysate comprising the functional RNP constructed 

25 from' the F gene deficient genome was lipofected to F-expressing cells 
as described in Example 2, and the culture supernatant was recovered. 
This culture supernatant was added to the medium of F-expressing cells 
to achieve the infection; on the third day, the culture supernatant 
was recovered and concurrently added to both F-expressing cells and 

30 cells that did not express F; and then the cells were cultured in 
the presence or absence of trypsin for three days. In F-expressing 
cells, viruses were amplified only in the presence of trypsin (Figure 
8). It was also revealed that non-infectious virus particles were 
released into the supernatant of cells that do not express F (in the 

35 bottom panel of Figure 9) or from F-expressing cells cultured in the 
absence of trypsin . A summary of the descriptions above is as follows : 
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the growth of F-deficient GFP-expressing viruses is specific to 
F-expressing cells and depends on the proteolysis with trypsin. The 
titer of infective F-deficient Sendai virus thus grown ranged from 
0.5x 10 7 to lx 10 7 ClU/ml. 

5 

[Example 4] Analysis of F-deficient GFP-expressing virus 

In order to confirm the genomic structure of virions recovered 
from F-deficient cDNA, viruses were recovered from the culture 
supernatant of the F-expressing cells, the total RNA was extracted 

10 and then Northern blot analysis was conducted by using F and HN as 
probes. The result showed that the HN gene was detectable, but the 
F gene was not detectable in the viruses harvested from the 
F-expressing cells, and it was clarified that the F gene was not present 
in the viral genome (Figure 10) . Further, by RT-PCR GFP, it was 

15 confirmed that the gene was present in the deleted locus for F as 
shown in the construction of the cDNA (Figure 11) and that the 
structures of other genes were the same as those from the wild type. 
Based on the findings above, it was shown that no rearrangement of 
the genome had occurred during the virus reconstitution . In addition, 

20 the morphology of recovered F-deficient virus particles was examined 
by electron microscopy. Like the wild type virus, F-deficient virus 
particles had the helical RNP structure and spike-like structure 
inside (Figure 14) . Further, the viruses were examined by 
immuno-electron microscopy with gold colloid-conjugated IgG (anti-F, 

25 anti-HN) specifically reacting to F or HN. The result showed that 
the spike-like structure of the envelope of the virus comprised F 
and HN proteins (Figure 12), which demonstrated that F protein produced 
by the helper cells was efficiently incorporated into the virions. 
The result will be described below in detail. 

30 <Extraction of total RNA, Northern blot analysis, and RT-PCR> 

Total RNA was extracted from culture supernatant obtained 3 days 
after the infection of F-expressing cell LLC-MK2/F7 with the viruses 
by using QIAamp Viral RNA mini kit (QIAGEN) according to the protocol . 
The purified total RNA (5 (ig) was separated by electrophoresis in 

35 a 1% denaturing agarose gel containing formaldehyde, and then 
transferred onto a Hybond-N+ membrane in a vacuum blotting device 
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(Amersham- Pharmacia) . The prepared membrane was fixed with 0.05 M 
NaOH, rinsed with 2-fold diluted SSC buffer (Nacalai tesque) , and 
then was subjected to pre-hybridization in a hybridization solution 

(Boehringrer Mannheim) for 30 minutes; a probe for the F or HN gene 
5 prepared by random prime DNA labeling (DIG DNA Labeling Kit ; Boehringer 
Mannheim) using digoxigenin (DIG)-dUTP (alkaline sensitive) was added 
thereto and then hybridization was performed for 16 hours. Then, the 
membrane was washed, and allowed to react to alkaline 
phosphatase-conjugated anti-DIG antibody (anti-digoxigenin-AP) ; the 
10 analysis was carried out by using a DIG detection kit. The result 
showed that the HN gene was detectable but the F gene was not detectable 
in the viruses harvested from the F-expressing cells, and it was 
clarified that the F gene was not present in the viral genome (Figure 

10) . 

15 Further, detailed analysis was carried out by RT-PCR. In the 

RT-PCR, first strand cDNA was synthesized from the purified virus 
RNA by using SUPERSCRIPTII Preamplif ication System (Gibco BRL) 
according to the protocol; the following PCR condition was employed 
with LA PCR kit (TAKARA ver2.1): 94°C/3 min; 30 cycles for the 

20 amplification of 94°C/45 sec, 55°C/45 sec,72°C/90 sec; incubation 
at 72 °C for 10 minutes; then the sample was electrophoresed in a 2% 
agarose gel at 100 . for 30 minutes, the gel was stained with ethidium 
bromide for a photographic image. Primers used to confirm the M gene 
and EGFP inserted into the F-deficient site were forward 1: 

25 5 1 -atcagagacctgcgacaatgc (SEQ ID NO: 8) and reverse 1: 
5 ? -aagtcgtgctgcttcatgtgg (SEQ ID NO: 9) ; primers used to confirm EGFP 
inserted into the F-deficient site and the HN gene were forward 2: 
5 1 -acaaccactacctgagcacccagtc (SEQ ID NO: 10) and reverse 2: 
5 1 -gcctaacacatccagagatcg (SEQ ID NO: 11); and the junction between 

30 the M gene and HN gene was confirmed by using forward 3: 
5 1 -acattcatgagtcagctcgc (SEQ ID NO: 12) and reverse 2 primer (SEQ 
ID NO: 11) . The result showed that the GFP gene was present in the 
deficient locus for F as shown in the construction of the cDNA (Figure 

11) and that the structures of other genes were the same as those 
35 from the wild type (Figure 13) . From the findings shown above, it 

is clarified that no rearrangement of the genome had resulted during 
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the virus reconstitution. 

< Electron microscopic analysis with gold colloid-conjugated 
immunoglobulin > 

The morphology of recovered F-deficient virus particles were 
5 examined by electron microscopy . First, culture supernatant of cells 
infected with the deficient viruses was centrifuged at 28,000 rpm 
for 30 minutes to obtain a virus pellet; then the pellet was 
re-suspended in 10-fold diluted PBS at a concentration of lx 10 9 HAU/ml; 
one drop of the suspension was dropped on a microgrid with a supporting 

10 filter and then the grid was dried at room temperature; the grid was 
treated with PBS containing 3.7% formalin for 15 minutes for fixation 
and then pre-treated with PBS solution containing 0.1% BSA for 30 
minutes; further, anti-F monoclonal antibody (f236) or anti-HN 
monoclonal antibody (Miura, N. et al., Exp. Cell Res. (1982) 141: 

15 409-420) diluted 200-folds with the same solution was dropped on the 
grid and allowed to react under a moist condition for 60 minutes. 
Subsequently, the grid was washed with PBS, and then gold 
colloid-conjugated anti-mouse IgG antibody diluted 200-folds was 
dropped and allowed to react under a moist condition for 60 minutes. 

20 Subsequently, the grid was washed with PBS and then with distilled 
sterile water, and air-dried at room temperature; 4% uranium acetate 
solution was placed on the grid for the staining for 2 minutes and 
the grid was dried; the sample was observed and photographed in a 
JEM-1200EXII electron microscope ( JEOL. ) . The result showed that the 

25 spike-like structure of the envelope of the virus comprised F and 
HN proteins (Figure 12), which demonstrated that F protein produced 
by the helper cells was efficiently incorporated into the virions. 
In addition, like the wild type virus, F-deficient virus particles 
had a helical RNP structure and a spike-like structure inside (Figure 

30 14) . 

[Example 5] High-efficiency gene transfer to a variety of cells via 
F-deficient SeV vector in vitro 

introduction into primary culture cells of rat cerebral cortex nerve 
35 cells> 

Primary culture cells of rat cerebral cortex neurons were 
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prepared and cultured as follows: an SD rat (SPF/VAF Crj : CD, female, 
332 g, up to 9-week old; Charles River) on the eighteenth day of 
pregnancy was deeply anesthetized by diethyl ether, and then 
euthanized by bloodletting from axillary arteries. The fetuses were 
5 removed from the uterus after abdominal section. The cranial skin 
and bones were cut and the brains were taken out. The cerebral 
hemispheres were transferred under a stereoscopic microscope to a 
working solution DMEM (containing 5% horse serum, 5% calf serum and 
10% DMSO) ; they were sliced and an ice-cold papain solution (1.5 U, 

10 0.2 mg of cysteine, 0.2 mg of bovine serum albumin, 5 mg glucose, 
DNase of 0.1 mg/ml) was added thereto; the solution containing the 
sliced tissues was incubated for 15 minutes while shaking by inverting 
the vial every 5 minutes at 32 °C. After it was verified that the 
suspension became turbid enough and the tissue sections became 

15 translucent, the tissue sections were crushed into small pieces by 
pipetting. The suspension was centrifuged at 1200 rpm at 32°C for 
5 minutes, and then the cells were re-suspended in B27-supplemented 
neural basal medium (GibcoBRL, Burlington, Ontario, Canada) . The 
cells were plated on a plate coated with poly-d-lysine (Becton 

20 Dickinson Labware, Bedford, MA, U.S.A.) at a density of lx 10 5 
cells/dish and then cultured at 37°C under 5% C0 2 . 

After the primary culture of nerve cells from cerebral cortex 
(5x 10 5 /well) were cultured for 5 days, the cells were infected with 
F-deficient SeV vector (moi=5) and further cultured for three days. 

25 The cells were fixed in a fixing solution containing 1% 
paraformaldehyde, 5% goat serum, and 0 . 5% Triton-X at room temperature 
for five minutes. Blocking reaction was carried out for the cells 
by using BlockAce (Snow Brand Milk Products) at room temperature for 
2 hours, and then incubated with 500-fold diluted goat anti-rat 

30 microtubule-associated protein 2 (MAP-2) (Boehringer) IgG at room 
temperature for one hour. Further, the cells were washed three times 
with PBS(-) every 15 minutes and then were incubated with 
cys3-conjugated anti-mouse IgG diluted 100-folds with 5% goat 
serum/PBS at room temperature for one hour. Further, after the cells 

35 were washed three times with PBS (-) every 15 minutes, Vectashield 
mounting medium (Vector Laboratories, Burlingame, U.S.A.) was added 
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to the cells; the cells, which had been double-stained with MAP-2 
immuno staining and GFP fluorescence, were f luorescently observed 
by using a confocal microscope (Nippon Bio-Rad MRC 1024, Japan) and 
an inverted microscope Nikon Diaphot 300 equipped with excitation 
5 band-pass filter of 470-500-nm or 510-550-nm. The result showed that 
GFP had been introduced in nearly 100% nerve cells that were 
MAP2-positive (Figure 15) . 
introduction into normal human cells> 

Normal human smooth-muscle cells, normal human hepatic cells, 

10 and normal human pulmonary capillary endothelial cells (Cell Systems) 
were purchased from DAINIPPON PHARMACEUTICAL and were cultured with 
SFM CS-C medium kit (Cell Systems) at 37 °C under 5% C0 2 gas. 

Human normal cells, such as normal human smooth-muscle cells 
(Figure 15, Muscle), normal human hepatic cells (Figure 15, Liver), 

15 and normal human pulmonary capillary endothelial cells (Figure 15, 
Lung) , were infected with F-deficient SeV vector (m.o.i=5) , and then 
the expression of GFP was observed. It was verified that the 
introduction efficiency was nearly 100% and the GFP gene was expressed 
at very high levels in all the cells (Figure 15) . 

20 introduction into mouse primary bone marrow cells> 

Further, an experiment was conducted, in which mouse primary 
bone marrow cells were separated by utilizing lineage markers and 
were infected with F-deficient SeV vector. First, 5-f luorouracil 
(5-FU, Wako Pure Chemical Industries) was given to C57BL mouse (6-week 

25 old male) at a dose of 150 mg/kg by intraperitoneal injection (IP 
injection) ; 2 days after the administration, bone marrow cells were 
collected from the thighbone. The mononuclear cells were separated 
by density gradient centrif ugation using Lympholyte-M (Cedarlane) . 
A mixture (3x 10 7 ) of Streptavidin-magnetic beads (Pharmingen; 

30 Funakoshi) , which had been coated with biotin-labeled anti-CD45R 
(B220), anti-Ly6G (Gr-1), anti-Ly-76 (TER-119) , anti-1 (Thyl.2), and 
anti-Mac-1, were added to the mononuclear cells (3x 10 6 cells), and 
the resulting mixture was allowed to react at 4 °C for 1 hour; a fraction, 
from which Lin + cells had been removed by a magnet, was recovered (Lin" 

35 cells) (Erlich, S. etal., Blood 1999. 93 (1), 80-86). SeV of 2x 10 7 
HAU/ml was added to 4x 10 5 cells of Lin" cell, and further recombinant 
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rat SCF (100 ng/ml, BRL) and recombinant human IL-6 (100 U/ml) were 
added thereto. In addition, F-deficient SeV of 4x 10 7 HAU/ml was added 
to 8x 10 5 of total bone marrow cells, and GFP-SeV of 5x 10 7 HAU/ml 
was added to Ix 10 6 cells. GFP-SeV was prepared by inserting a 
5 PCR-amplif ied NotI fragment, which contains the green fluorescence 
protein (GFP) gene (the length of the structural gene is 717 bp) to 
which a transcription initiation (Rl) , a termination (R2) signal and 
an intervening (IG) sequence are added, at the restriction enzyme 
Notl-cleavage site of SeV transcription unit pUC18/T7HVJRz . DNA ( + 18) 

10 (Genes Cells, 1996, 1: 569-579). The reconstitution of viruses 
comprising the GFP gene was performed according to a known method 
(Genes Cells, 1996, 1: 569-579), using LLC-MK2 cells and embryonated 
egg, and then the viruses comprising the gene of interest were 
recovered. After a 48-hour culture following the infection with 

15 GFP-SeV, the cells were divided into two groups; one of them was allowed 
to react to phycoerythrin (PE) -labeled anti-CD117 (c-kit; Pharmingen) 
for 1 hour; the other was a control group. The cells were washed 3 
times with PBS then were analyzed in a flow cytometer (EPICS Elite 
ESP; Coulter, Miami, FL) . 

20 The result showed that F-deficient SeV vector was also infected 

to bone marrow cells enriched by anti-c-kit antibody that has been 
utilized as a marker for blood primitive stem cells and the expression 
of the GFP gene was observed (Figure 16) . The presence of infective 
particles in the culture supernatant was confirmed by determining 

25 the presence of GFP-expressing cells three days after the addition 
of cell culture supernatant treated with trypsin to LLC-MK2 cells. 
It was clarified that none of these cells released infective virus 
particles . 

30 [Example 6] Vector administration into rat cerebral ventricle 

Rats (F334/Du Cr j , 6 week old, female, Charles River) were 
anesthetized by intraperitoneal inj ection of Nembutal sodium solution 
(Dainabot) diluted 10 folds (5 mg/ml) with physiological saline 
(Otsuka Pharmaceutical Co., Ltd.). Virus was administrated using 

35 brain stereotaxic apparatus for small animals (DAVID KOPF) . 20 ^il 
(10 8 CIU) were injected at the point 5.2 mm toward bregma from 
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interaural line, 2.0 mm toward right ear from lambda, 2.4 mm beneath 
the brain surface, using 30G exchangeable needles (Hamilton) . A high 
level expression of GFP protein was observed in ventricle ependymal 
cells (Figure 17) . Furthermore, in the case of F deficient SeV vector, 
5 the expression of GFP protein was observed only in ependymal cells 
or nerve cells around the injection site, which come into contact 
with the virus, and no lesion was found in this region. Abnormality 
in behavior or changes in body weight were not observed in the 
administered rats until dissection. After dissection, no lesion was 
10 found in the brain or in any of the tissues and organs analyzed, such 
as liver, lung, kidney, heart, spleen, stomach, intestine, and so 
forth. 

[Example 7] Formation of F-less virus particles from F deficient SeV 
15 genome 
<1> 

F non-expressing LLC-MK2 cells and F expressing LLC-MK2 cells 
(LC-MK2/F7) were infected with F deficient SeV virus and cultured 
with ( + ) and without (-) trypsin. The result of HA assay of cell 

20 culture supernatant after 3 days is shown in Figure 18A. The culture 
supernatants were inoculated to embryonated chicken eggs, and the 
result of HA assay of chorioallantoic fluids after a 2 day-culture 
is shown in Figure 18B. "C" on top of panel indicates PBS used as 
the control group. The numbers indicated under "Dilution" indicates 

25 the dilution fold of the virus solution. Further, HA-positive 
chorioallantoic fluids in embryonated chicken eggs (lanes 11 and 12) 
was reinoculated into embryonated chicken eggs, and after culturing 
for two days, the chorioallantoic fluid was examined with HA assay 
(Figure 19C) . As a result, F non-expressing cells or embryonated 

30 chicken eggs infected with F deficient SeV virus were found to be 
HA-positive. However, viruses had not propagated after 

re-inoculation to embryonated chicken eggs, proving that the 
HA-positive virus solution does not have secondary infectivity. 
<2> 

35 The non-infectious virus solution amplified in F non-expressing 

cells was examined for the existence of virus particles. Northern 
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blot analysis was performed for total RNA prepared from the culture 
supernatant of F expressing cells, HA-positive, non-infectious 
chorioallantoic fluid, and wildtype SeV by QIAamp viral RNA mini kit 
(QIAGEN) , using the F gene and HN gene as probes. As a result, bands 
5 were detected for RNA derived from chorioallantoic fluid or virus 
in culture supernatant of F expressing cells when the HN gene was 
used as the probe, whereas no bands were detected when using the F 
gene probe (Figure 10) . It was proven that the HA-positive, 
non-infectious fluid has non-infectious virus-like particles with 

10 an F deficient genome. Further, analysis of the HA-positive, 
non-infectious virus solution by an immunoelectron microscopy 
revealed the existence of virus particles, and the envelope of virion 
reacted to the antibody recognizing gold colloid-labeled HN protein, 
but not to the antibody recognizing gold colloid-labeled F protein 

15 (Figure 20) . This result showed the existence of F-less virions, 
proving that the virus can be formed as a virion with HN protein alone, 
even without the existence of the F protein. It has been shown that 
SeV virion can form with F alone (Leyer, S. et al., J Gen. Virol 79, 
683-687 (1998)), and the present result proved for the first time 

20 that SeV virion can be formed with HN protein alone. Thus, the fact 
that F-less virions can be transiently produced in bulk in embryonated 
chicken eggs shows that virions packaging SeV F deficient RNP can 
be produced in bulk. 
<3> 

25 As described above, F-less virus virions transiently amplified 

in embryonated chicken eggs are not at all infective towards cells 
infected by the Sendai virus. To confirm that functional RNP 
structures are packaged in envelopes, F expressing cells and 
non-expressing cells were, mixed with cationic liposome (DOSPER, 

30 Boehringer mannheim) and transfected by incubation for 15 minutes 
at room temperature. As a result, GFP-expressing cells were not 
observed at all when the cells are not mixed with the cationic liposome, 
whereas all cells expressed GFP when mixed with cationic liposome. 
In F non-expressing cells, GFP expression was seen only in individual 

35 cells and did not extend to adjacent cells, whereas in F expressing 
cells, GFP-expressing cells extended to form colonies (Figure 21) . 
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Therefore, it became clear that non-infectious virions transiently 
amplified in embryonated chicken eggs could express a gene when they 
are introduced into cells by methods such as transf ection . 

5 [Example 8] Reconstitution and amplification of the virus from 
FHN-def icient SeV genome 

reconstruction of FHN-def icient genomic cDNA> 

To construct FHN-def icient SeV genomic cDNA (pSeV18 + /AFHN) , 
pUC18/KS was first digested with EcoRI to construct pUC18/Eco, and 

10 then whole sequence from start codon of F gene to stop codon of HN 
gene (4866-8419) was deleted, then it was ligated at BsiwI site 
(cgtacg) . After the sequence of FHN deleted region was confirmed by 
base sequencing, EcoRI fragment (4057 bp) was recovered from gels 
to substitute for EcoRI fragment of pUC18/KS to accomplish the 

15 construction. A KpnI/SphI fragment (14673 bp) comprising the FHN 
deleted region was recovered from gels to substitute for KpnI/SphI 
fragment of pSeV18 + to obtain plasmid pSeV18 + /AFHN . 

On the other hand, the construction of FHN-def icient SeV cDNA 
introduced with GFP was accomplished as follows. Sall/Xhol fragment 

20 (7842 bp) was recovered from pSeV18 + /AFHN, and cloned into pGEMUZ 
(Promega) . The resultant plasmid was named as pGEMUZ/SXdFHN . To 
the FHN-def icient site of pGEMUZ/SXdFHN, PCR product with Bsixl sites 
at both ends of ATG-TAA (846 bp) of d2EGFP (Clontech) was ligated 
by digesting with Bsixl enzyme. The resultant plasmid was named as 

25 pSeV18 + /AFHN-d2GFP. 

Establishment of FHN-def icient , protein co-expressing cell line> 
The plasmid expressing F gene is identical to the one used for 
establishment of F deficient, protein co-expressing cell line, and 
plasmid expressing HN gene was similarly constructed, and the fragment 

30 comprising ORF of HN was inserted to unique Swal site of pCALNdlw 
(Arai et al., described above) to obtain plasmid named pCALNdLw/HN. 

LLC-MK2 cells were mixed with same amount or different ratio 
of pCALNdLw/F and pCALNdLw/HN, to introduce genes using mammalian 
transfection kit (Stratagene) , according to the manufacture's 

35 protocol. Cells were cloned after a three week-selection with G418. 
Drug resistant clones obtained were infected with a recombinant 
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adenovirus (Ade/Cre, Saito et al . , described above) (11101=10), which 
expresses Cre DNA recombinase . Then the cells were collected 3 days 
after inducing expression of F and HN protein after washing 3 times 
with PBS(-), and they were probed with monoclonal IgG of anti-SeV 
5 F protein and anti-SeV HN protein by using Western blotting method 
(Figure 22) . 

Construction of pGEM/FHN> 

F and HN fragments used for the construction of pCALNdLw/F and 
pCALNdLw/HN were cloned into pGEM4Z and pGEM3Z (Promega) to obtain 

10 pGEM4Z/F and pGEM3Z/HN, respectively. A fragment obtained by PvuII 
digestion of the region comprising T7 promoter and HN of pGEM3Z/HN 
was recovered, and ligated into the blunted site cut at the SacI unique 
site at the downstream of F gene of pGEM4Z/F. F and HN proteins were 
confirmed by Western blotting using anti-F or anti-HN monoclonal 

15 antibodies to be expressed simultaneously when they were aligned in 
the same direction. 

<Reconstitution of FHN-def icient virus> 

The reconstitution of FHN-def icient viruses (PO) was done in 
two ways. One was using the RNP transfection method as used in the 

20 reconstitution of F deficient virus, and the other was using T7 to 
supply co-expressing plasmids . Namely, under the regulation of T7 
promoter, plasmids expressing F and HN proteins were constructed 
separately, and using those plasmids F and HN proteins were supplied 
for the reconstitution. In both methods, reconstituted viruses were 

25 amplified by FHN coexpressing cells. FHN-def icient , GFP-expressing 
SeV cDNA (pSeV18 + /AFHN-d2GFP) , pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN 
were mixed in the ratio of 12 |ig/10 cm dish, 4 jig/10 cm dish, 2 (ig/10 
cm dish, 4 (ig/10 cm dish, and 4 |ig/10 cm dish (final total volume, 
3 ml/10 cm dish) for gene introduction into LLC-MK2 cells in the same 

30 way as F deficient SeV reconstitution described above. Three hours 
after the gene introduction, media was changed to MEM containing AraC 
(40 ng/ml, SIGMA) and trypsin (7.5|ig/ml, GIBCO) , and cultured further 
for 3 days. Observation was carried out by fluorescence stereoscopic 
microscope 2 days after gene introduction. The effect of pGEM/FHN 

35 addition was analyzed, and the virus formation was confirmed by the 
spread of GFP-expressing cells. As a result, a spread of 
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GFP-expressing cells was observed when pGEM/FHN was added at 
reconstitution, whereas the spread was not observed when pGEM/FHN 
was not added, and the GFP expression was observed only in a single 
cell (Figure 23) . It is demonstrated that the addition at FHN protein 
5 reconstitution caused virus virion formation. On the other hand, in 
the case of RNP transf ection, virus recovery was successfully 
accomplished in FHN expressing cells of PI, as in the case of F 
deficiency (Figure 24, upper panel) . 

Virus amplification was confirmed after infection of 

10 FHN-def icient virus solution to cells induced to express FHN protein 
6 hours or more after Ade/Cre infection (Figure 24, lower panel). 

Solution of viruses reconstituted from FHN-def icient 
GFP-expressing SeV CDNA was infected to LLC-MK2, LLC-MK2/F, 
LLC-MK2/HN and LLC-MK2/FHN cells, and cultured with or without the 

15 addition of trypsin. After 3 days of culture, spread of GFP protein 
expressing cells was analyzed. As a result, spread of GFP was observed 
only in LLC-MK2/FHN, confirming that the virus solution can be 
amplified specifically by FHN co-expression and in a trypsin dependent 
manner (Figure 25) . 

20 To confirm FHN-def icient viral genome, culture supernatant 

recovered from LLC-MK2/FHN cells was centrifuged, and RNA was 
extracted using QIAamp Viral RNA mini kit (QIAGEN) , according to 
manufacturer's protocol. The RNA was used for template synthesis of 
RT-PCR using Superscript Preamplif ication System for first Strand 

25 Synthesis (GIBCO BRL) , and PCR was performed using TAKARA Z-Taq 
(Takara) . F-deficient virus was used as a control group. PCR primer 
sets were selected as combination of M gene and GFP gene, or combination 
of M gene and L gene (for combination of M gene and GFP gene (M-GFP) , 
forward: 5 1 -atcagagacctgcgacaatgc / SEQ ID NO: 13, reverse: 

30 5 1 -aagtcgtgctgcttcatgtgg / SEQ ID NO: 14; for combination of M gene 
and L gene (M-L) , forward: 5 1 -gaaaaacttagggataaagtccc / SEQ ID NO: 
15, reverse: 5 1 -gttatctccgggatggtgc / SEQ ID NO: 16) . As a result, 
specific bands were obtained for both F-deficient and FHN-def icient 
viruses at RT conditions when using M and GFP genes as primers. In 

35 the case of using M and L genes as primers, the bands with given size 
comprising GFP were detected for FHN deficient sample, and lengthened 



48 



bands with the size comprising HN gene were detected for F deficient 
one. Thus, FHN deficiency in genome structure was proven (Figure 26) . 

On the other hand, FHN-def icient virus was infected to F 
expressing cells similarly as when using the F-deficient virus, and 
5 culture supernatant was recovered after 4 days to perform infection 
experiment toward LLC-MK2, LLC-MK2/F, and LLC-MK2/FHN. As a result, 
GFP expression cell was not observed in any infected cell, showing 
that the virus has no infectiousness to these cells. However, it has 
been already reported that F protein alone is enough to form virus 

10 particles (Kato, A. et al., Genes cells 1, 569-579 (1996)) and that 
asialoglycoprotein receptor (ASG-R) mediates specific infection to 
hepatocytes (Spiegel et al., J. Virol 72, 5296-5302, 1998). Thus, 
virions comprising FHN-def icient RNA genome, with virus envelope 
configured with only F protein may be released to culture supernatant 

15 of F expressing cells . Therefore, culture supernatant of F expressing 
cells infected with FHN-def icient virus was recovered, and after 
centrifugation, RNA was extracted as described above and analyzed 
by RT-PCR by the method described above. As a result, the existence 
of RNA comprising FHN-def icient genome was proved as shown in Figure 

20 27. 

Western blotting analysis of virus virion turned into pseudotype 
with VSV-G clearly shows that F and HN proteins are not expressed. 
It could be said that herein, the production system of FHN-def icient 
virus virions was established. 
25 Moreover, virions released from F protein expressing cells were 

overlaid on FHN expressing or non-expressing LLC-MK2 cells with or 

without mixing with a cationic liposome (50 |il DOSPER/500 jal/well) . 

As a result, spread of GFP-expressing cells was observed when overlaid 

as mixture with DOSPER, while HN-less virion only has no infectiousness 
30 at all, not showing GFP-expressing cells, as was seen in the case 

of F-less particles described above. In FHN non-expressing cells GFP 

expressing cell was observed, but no evidence of virus re-formation 

and spread was found. 

These virus-like particles recovered from F expressing cells 
35 can infect cells continuously expressing ASG-R gene, ASG-R 

non-expressing cells, or hepatocytes, and whether the infection is 
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liver-specific or ASG-R specific can be examined by the the method 
of Spiegel et al. 

[Example 9] Application of deficient genome RNA virus vector 
5 1 . F-def icient RNP amplified in the system described above is enclosed 
by the F-less virus envelope. The envelope can be introduced into 
cells by adding any desired cell-introducing capability to the 
envelope by chemical modification methods and such, or by gene 
introducing reagents or gene guns or the like (RNP transf ection, or 
10 RNP injection) , and the recombinant RNA genome can replicate and 
produce proteins autonomously and continuously in the cells. 

2. A vector capable of specific targeting can be produced, when 
intracellular domain of HN is left as-is, and the extracellular domain 
of HN is fused with ligands capable of targeting other receptors in 

15 a specific manner, and recombinant gene capable of producing chimeric 
protein is incorporated into viral-genome. In addition, the vector 
can be prepared in cells producing the recombinant protein. These 
vectors can be applicable to gene therapy, as vaccines, or such. 

3. Since the reconstitution of SeV virus deficient in both FHN has 
20 been successfully accomplished, targeting vector can be produced by 

introducing targeting-capable envelope chimeric protein gene into 
FHN deletion site instead of the GFP gene, reconstituting it by the 
same method as in the case of FHN-def icient vector, amplifying the 
resultant once in FHN-expressing cells, infecting the resultant to 
25 non-expressing cells, and recovering virions formed with only the 
targeting-capable chimeric envelope protein transcribed from the 
viral-genome . 

4 . A mini-genome of Sendai virus and a virion formed with only F protein 
packaging mini-genome by introducing NP, P, L and F gene to cells 

30 have been reported (Leyer et al., J Gen. Virol 79,683-687, 1998). 
A vector in which murine leukemia virus is turned into pseudo-type 
by Sendai F protein has also been reported (Spiegel et al., J. Virol 
72, 5296-5302, 1998) . Also reported so far is the specific targeting 
of trypsin-cleaved F-protein to hepatocytes mediated by ASG-R (Bitzer 

35 et al., J. Virol. 71, 5481-5486, 1997) . The systems in former reports 
are transient particle-forming systems, which make it difficult to 



50 



continuously recover vector particles. Although Spiegel et al . has 
reported retrovirus vector turned into pseudo-type by Sendai F protein, 
this method carries intrinsic problems like the retrovirus being able 
to introduce genes to only mitotic cells. The virus particles 
5 recovered in the present invention with a FHN co-deficient SeV 
viral-genome and only the F protein as the envelope protein are 
efficient RNA vectors capable of autonomous replication in the 
cytoplasm irrespective of cell mitosis. They are novel virus 
particles, and is a practical system facilitating mass production. 

10 

[Example 10] Virus reconstitution and amplification from 
FHN-def icient SeV genome 

The techniques of reconstitution of infectious virus particles 
from cDNA that cloned the viral genome has been established for many 
15 single strand minus strand RNA viruses such as the Sendai virus, 
measles virus. 

In most of the systems, reconstitution is carried out by 
introducing plasmids introduced with cDNA, NP, P, and L genes at the 
downstream of T7 promoter into cells and expressing cDNA and each 

20 gene using T7 polymerase. To supply T7 polymerase, recombinant 
vaccinia virus expressing T7 polymerase is mainly used. 

T7 expressing vaccinia virus can express T7 polymerase 
efficiently in most cells. Although, because of vaccinia 
virus-induced cytotoxicity, infected cells can live for only 2 or 

25 3 days . Inmost cases, rifampicin is used as an anti-vaccinia reagent . 
In the system of Kato et al . (Kato, A. et al., Genes cells 1, 569-579 
(1996)), AraC was used together with rifampicin for inhibiting 
vaccinia virus growth to a minimum level, and efficient reconstitution 
of Sendai virus . 

30 However, the reconstitution efficiency of minus strand RNA virus 

represented by Sendai virus is several particles or less in lx 10 5 
cells, far lower than other viruses such as retroviruses. 
Cytotoxicity due to the vaccinia virus and the complex reconstitution 
process (transcribed and translated protein separately attaches to 

35 bare RNA to form RNP-like structure, and after that, transcription 
and translation occurs by a polymerase) can be given as reasons for 
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this low reconstitution efficiency. 

In addition to the vaccinia virus, an adeno virus system was 
examined as a means for supplying T7 polymerase, but no good result 
was obtained. Vaccinia virus encodes RNA capping enzyme functioning 
5 in cytoplasm as the enzyme of itself in addition to T7 polymerase 
and it is thought that the enzyme enhances the translational efficiency 
by capping the RNA transcribed by T7 promoter in the cytoplasm. The 
present invention tried to enhance the reconstitution efficiency of 
Sendai virus by treating vaccinia virus with Psoralen-Long-Wave-UV 
10 method to avoid cytotoxicity due to the vaccinia virus. 

By DNA cross-linking with Psoralen and long-wave ultraviolet 
light, the state in which the replication of virus with DNA genome 
is inhibited, without effecting early gene expression in particular, 
can be obtained. The notable effect seen by inactivation of the virus 
15 in the system may be attributed to that vaccinia virus having a long 
genome (Tsung, K. et al . , J Virol 70, 165-171, (1996)). 

In the case of wildtype virus that can propagate autonomously, 
even a single particle of virus formed by reconstitution makes it 
possible for Sendai virus to be propagated by inoculating transfected 
20 cells to embryonated chicken eggs. Therefore, one does not have to 
consider of the efficiency of reconstitution and the residual vaccinia 
virus seriously. 

However, in the case of reconstitution of various mutant viruses 
for researching viral replication, particle formation mechanism, and 
25 so on, one may be obligated to use cell lines expressing a protein 
derived from virus and such, not embryonated chicken eggs, for 
propagation of the virus. Further, it may greatly possible that the 
mutant virus or deficient virus propagates markedly slower than the 
wild type virus . 

30 To propagate Sendai virus with such mutations , transfected cells 

should be overlaid onto cells of the next generation and cultured 
for a long period. In such cases, the reconstitution efficiency and 
residual titer of vaccinia virus may be problematic. In the present 
method, titer of surviving vaccinia virus was successfully decreased 

35 while increasing reconstitution efficiency. 

Using the present method, a mutant virus that could have not 
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been ever obtained in the former system using a non-treated vaccinia 
virus was successfully obtained by reconstitution (F, FHN-def icient 
virus) . The present system would be a great tool for the 
reconstitution of a mutant virus, which would.be done more in the 
5 future. Therefore, the present inventors examined the amount of 
Psoralen and ultraviolet light (UV) , and the conditions of vaccinia 
virus inactivation . 
<Experiment> 

First, Psoralen concentration was tested with a fixed 

10 irradiation time of 2 min. Inactivation was tested by measuring the 
titer of vaccinia virus by plaque formation, and by measuring T7 
polymerase activity by pGEM-luci plasmid under the control of T7 
promoter and mini-genome of Sendai virus. The measurement of T7 
polymerase activity of mini-genome of Sendai virus is a system in 

15 which cells are transf ected concomitantly with plasmid of mini-genome 
of Sendai virus andpGEM/NP, pGEM/P, and pGEM/L plasmids , which express 
NP-, P-, and L-protein of Sendai virus by T7, to examine transcription 
of luciferase enzyme protein by RNA polymerase of Sendai virus after 
the formation of ribonucleoprotein complex. 

20 After the 2 min UV irradiation, decrease in titer of vaccinia 

virus depending on psoralen concentration was seen. However, T7 
polymerase activity was unchanged for a Psoralen concentration up 
to 0, 0.3, and 1 |ng/ml, but decreased approximately to one tenth at 
10 ^ig/ml (Figure 28) . 

25 Furthermore, by fixing Psoralen concentration to 0.3 |ig/ml, UV 

irradiation time was examined. In accordance with the increase of 
irradiation time, the titer of vaccinia virus was decreased, although 
no effect on T7 polymerase activity was found up to a 30 min irradiation. 
In this case, under the conditions of 0 . 3 jig/ml and 30 min irradiation, 

30 titer could be decreased down to 1/1000 without affecting T7 polymerase 
activity (Figure 29) . 

However, in vaccinia virus with a decreased titer of 1/1000, 
CPE 24 hours after infection at moi=2 calibrated to pretreatment titer 
(moi=0.002 as residual titer after treatment) was not different from 

35 that of non-treated virus infected at moi=2 (Figure 30) . 

Using vaccinia virus treated under the conditions described 



53 



above, the efficiency of reconstitution of Sendai virus was examined. 
Reconstitution was carried out by the procedure described below, 
modifying the method of Kato et al. mentioned above. LLOMK2 cells 
were seeded onto 6-well microplates at 3x 10 5 cells/well, and after 
5 an overnight culture, vaccinia virus was diluted to the titer of 6x 
10 5 pfu/100 |il calibrated before PLWUV treatment, and infected to 
PBS-washed cells. One hour after infection, 100 |il of OPTI-MEM added 
with 1, 0.5, 1, and 4 p.g of plasmid pGEM-NP, P, L, and cDNA, respectively, 
was further added with 10 p,l Superfect (QIAGEN) and left standing 

10 for 15 min at room temperature, and after adding 1 ml OPTI-MEM (GIBCO) 
(containing Rif. and AraC) , was overlaid onto the cells. 

Two, three and four days after transf ection, cells were 
recovered, centrifuged, and suspended in 300 ^il/well of PBS. 100 |il 
of cell containing solution made from the suspension itself, or by 

15 diluting the suspension by 10 or 100 folds, was inoculated to 
embryonated chicken eggs at day 10 following fertilization, 4 eggs 
for each dilution (lx 10 5 , lx 10 4 , and lx 10 3 cells, respectively) . 
After 3 days, allantoic fluid was recovered from the eggs and the 
reconstitution of virus was examined by HA test (Table 1) . Eggs with 

20 HA activity was scored as 1 point, 10 points and 100 points for eggs 
inoculated with lx 10 5 , lx 10 4 , and lx 10 3 cells, respectively, to 
calculate the Reconstitution Score (Figure 31) . The formula is as 
shown in Table 1. 

25 Table 1. Effect of the duration of UV treatment of vaccinia virus 
on reconstitution efficiency of Sendai virus 
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Also, residual titers of vaccinia virus measured at 2, 3, and 
4 days after transfection within cells were smaller in the treated 
group in proportion to the titer given before transfection (Figure 
32) . 

By inactivating vaccinia virus by PLWUV, titer could be 
decreased down to 1/1000 without affecting T7 polymerase activity. 
However, CPE derived from vaccinia virus did not differ from that 
of non-treated virus with a 1000 fold higher titer as revealed by 
microscopic observations. 

Using vaccinia virus treated with the condition described above 
for reconstitution of Sendai virus, reconstitution efficiency 
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increased from ten to hundred folds (Figure 31) . At the same time, 
residual titer of vaccinia virus after transfection was not 5 pfu/10 5 
cells or more. Thus, the survival of replicable vaccinia virus was 
kept at 0.005% or less. 

5 

[Example 11] Construction of pseudotype Sendai virus 
<1> Preparation of helper cells in which VSV-G gene product is induced 
Because VSV-G gene product has a cytotoxicity, stable 
transf ormant was created in LLC-MK2 cells using plasmid pCALNdLG (Arai 

10 T. etal., J. Virology 72 (1998) plll5-1121) in which VSV-G gene product 
can be induced by Cre recombinase. Introduction of plasmid into 
LLC-MK2 cells was accomplished by calcium phosphate method 
(CalPhosTMMammalian Transfection Kit, Clontech) , according to 
accompanying manual . 

15 Ten micrograms of plasmid pCALNdLG was introduced into LLC-MK2 

cells grown to 60% confluency in a 10 cm culture dish. Cells were 
cultured for 24 hours with 10 ml MEM-FCS 10% medium in a 5% C0 2 incubator 
at 37°C. After 24 hours, cells were scraped off and suspended in 10 
ml of medium, and then using five 10 cm culture dishes, 1, 2 and 2 

20 dishes were seeded with 5 ml, 2 ml and 0.5 ml, respectively. Then 
they were cultured for 14 days in 10 ml MEM-FCS 10% medium containing 
1200 jug/ml G418 (GIBCO-BRL) with a medium change on every other day 
to select stable transf ormants . Twenty-eight clones resistant to 
G418 grown in the culture were recovered using cloning rings. Each 

25 clone was expanded to confluency in a 10 cm culture dish. 

For each clone, the expression of VSV-G was examined by Western 
blotting described below using anti-VSV-G monoclonal antibody, after 
infection with recombinant adenovirus AxCANCre containing Cre 
recombinase . 

30 Each clone was grown in a 6 cm culture dish to confluency, and 

after that, adenovirus AxCANCre was infected at MOI=10 by the method 
of Saito et al . (see above) , and cultured for 3 days. After removing 
the culture supernatant, the cells were washed with PBS, and detached 
from the culture dish by adding 0 . 5 ml PBS containing 0.05% trypsin 

35 and 0.02% EDTA (ethylenediaminetetraacetic acid) and incubating at 
37 °C, 5 min. After suspending in 3 ml PBS, the cells were collected 
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by centrifugation at 1500x g, 5 min. The cells obtained were 
resuspended in 2 ml PBS, and then centrifuged again at 1500x g, 5 
min to collect cells. 

The cells can be stored at -20°C, and can be used by thawing 

5 according to needs. The collected cells were lysed in 100 ^1 cell 
lysis solution (RIPA buffer, Boehringer Mannheim) , and using whole 
protein of the cells (lx 10 5 cells per lane) Western blotting was 
performed. Cell lysates were dissolved in SDS-polyacrylamide gel 
electrophoresis sample buffer (buffer comprising 6 mM Tris-HCl 

10 (pH6.8), 2% SDS, 10% glycerol, 5% 2-mercaptoethanol ) and subjected 
as samples for electrophoresis after heating at 95°C, 5 min. The 
samples were separated by electrophoresis using SDS-polyacrylamide 
gel (Multigel 10/20, Daiichi Pure Chemicals Co., Ltd), and the 
separated protein was then transferred to transfer membrane 

15 (Immobilon-P Transf erMembranes , Millipore) by semi-dry blotting 
method. Transfer was carried out using transfer membrane soaked with 
100% methanol for 20 sec and with water for 1 hour, at a 1 mA/cm 2 constant 
current for 1 hour. 

The transfer membrane was shaken in 40 ml of blocking solution 

20 (Block-Ace, Snow Brand Milk Products Co . , Ltd.) for 1 hour, and washed 
once in PBS. 

The transfer membrane and 5 ml anti-VSV-G antibody (clone P4D4, 
Sigma) diluted 1/1000 by PBS containing 10% blocking solution were 
sealed in a vinyl-bag and left to stand at 4°C. 
25 The transfer membrane was soaked twice in 40 ml of PBS-0 . 1% Tween 

20 for 5 min, and after the washing, soaked in PBS for 5 min for washing. 

The transfer membrane and 5 ml of anti-mouse IgG antibody labeled 
with peroxidase (anti-mouse immunoglobulin, Amersham) diluted to 
1/2500 in PBS containing 10% blocking solution were sealed in vinyl-bag 
30 and were shaken at room temperature for 1 hour. 

After shaking, the transfer membrane was soaked twice in 
PBS-0. 1% Tween 20 for 5 min, and after the washing, soaked in PBS 
for 5 min for washing. 

The detection of proteins on the membrane crossreacting with 
35 anti-VSV-G antibody was carried out by the luminescence method (ECL 
Western blotting detection reagents, Amersham) . The result is shown 



57 



in Figure 33. Three clones showed AxCANCre infection specific VSV-G 
expression, confirming the establishment of LLC-MK2 cells in which 
VSV-G gene product can be induced. 

One clone among the clones obtained, named as LLCG-L1, was 
5 subjected to flow cytometry analysis using anti-VSV antibody (Figure 
34) . As a result, reactivity with antibody specific to VSV-G gene 
induction was detected in LLCG-L1, confirming that VSV-G protein is 
expressed on the cell surface. 

10 <2> Preparation of pseudotype Sendai virus comprising a genome 
deficient in the F gene using helper cells 

Sendai virus comprising a genome deficient in F gene was infected 
to VSV-G gene expressing cells, and whether production of pseudotype 
virus with VSV-G as capsid can be seen or not was examined using 

15 F-def icient Sendai virus comprising GFP gene described in the examples 
above, and the expression of GFP gene as an index. As a result, in 
LLCG-L1 without infection of recombinant adenovirus AxCANCre 
comprising Cre recombinase, viral gene was introduced by F-deficient 
Sendai virus infection and GFP-expressing cells were detected, 

20 although the number of expressing cells was not increased. In VSV-G 
induced cells, chronological increase of GFP-expressing cells was 
found. When 1/5 of supernatants were further added to newly VSV-G 
induced cells, no gene introduction was seen in the former supernatant, 
while the increase of GFP-expressing cells as well as gene introduction 

25 were found in the latter supernatant. Also, in the case that 
supernatant from latter is added to LLCG-L1 cells without induction 
of VSV-G, gene was introduced, but increase of GFP-expressing cells 
was not seen. Taken together, virus propagation specific to VSV-G 
expressing cells was found, and pseudotype F-deficient virus 

30 formation with VSV-G was found. 

<3> Evaluation of conditions for producing pseudotype Sendai virus 
with F gene-deficient genome 

A certain amount of pseudotype Sendai viruses with F 
gene-deficient genomes was infected changing the amount of AxCANCre 

35 infection (MOI=0, 1.25, 2.5, 5, and 10) and culture supernatant was 
recovered at day 7 or day 8. Then, the supernatant was infected to 
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the cells before and after induction of VSV-G, and after 5 days, number 
of cells expressing GFP was compared to see the effect of amount of 
VSV-G gene expression. As a result, no virus production was found 
at MOI=0 and maximum production was found at MOI=10 (Figure 35) . In 
5 addition, when time course of virus production was analyzed, the 
production level started to increase from day 5 or after, persisting 
to day 8 (Figure 36) . The measurement of virus titer was accomplished 
by calculating the number of particles infected to cells in the virus 
solution (CIU) , by counting GFP-expressing cells 5 days after 
10 infection of serially (10 fold each) diluted virus solutions to cells 
not yet induced with VSV-G. As a result, the maximal virus production 
was found to be 5x 10 5 CIU /ml. 

<4> Effect of anti-VSV antibody on infectiousness of pseudotype Sendai 
virus with F gene-deficient genome 

15 As to whether pseudotype Sendai virus with F gene-deficient 

genome obtained by using VSV-G expressing cells comprises VSV-G 
protein in the capsid, the neutralizing activity of whether 
infectiousness will be affected was evaluated using anti-VSV antibody. 
Virus solution and antibody were mixed and lest standing at room 

20 temperature for 30 min, and then infected to LLCG-L1 cells without 
VSV-G induction. On day 5, gene-introducing capability was examined 
by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by the anti-VSV antibody, 
whereas in Sendai virus with F gene-deficient genome having the 

25 original capsid, the inhibition was not seen (Figure 37) . Therefore, 
it was clearly shown that the present virus obtained is a pseudotype 
Sendai virus comprising VSV-G protein in its capsid, in which 
infectiousness of the virus can be specifically inhibited by an 
antibody. 

30 <5> Confirmation of pseudotype Sendai virus's possession of 

F-def icient genome 

Western blotting analysis of cell extract of infected cells was 

carried out to examine if the present virus propagated in cells 

expressing VSV-G gene is the F-def icient type. Western analysis was 
35 accomplished by the method described above . As the primary antibodies, 

anti-Sendai virus polyclonal antibody prepared from rabbit, anti-F 
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protein monoclonal antibody prepared from mouse, and anti-HN protein 
monoclonal antibody prepared from mouse were used. As the secondary 
antibodies, anti-rabbit IgG antibody labeled with peroxidase in the 
case of anti-Sendai virus polyclonal antibody, and anti-mouse IgG 
5 antibody labeled with peroxidase in the case of anti-F protein 
monoclonal antibody and anti-HN protein monoclonal antibody, were 
used. As a result, F protein was not detected, whereas protein derived 
from Sendai virus and HN protein were detected, confirming it is 
F-deficient type. 

10 <6> Preparation of pseudotype Sendai virus with F and HN gene-deficient 
genome by using helper cells 

Whether the production of pseudotype virus with VSV-G in its 
capsid is observed after the infection of Sendai virus with F and 
HN gene-deficient genome to LLCG-L1 cells expressing VSV-G gene was 

15 analyzed using GFP gene expression as the indicator and F and HN 
gene-deficient Sendai virus comprising GFP gene described in examples 
above, by a similar method as described in examples above . As a result, 
virus propagation specific to VSV-G expressing cells was observed, 
and the production of F and HN deficient Sendai virus that is a 

20 pseudotype with VSV-G was observed (Figure 38) . The measurement of 
virus titer was accomplished by calculating the number of particles 
infected to cells in the virus solution (CIU) , by counting 
GFP-expressing cells 5 days after infection of serially (10 fold each) 
diluted virus solutions to cells not yet induced with VSV-G. As a 

25 result, the maximal virus production was lx 10 6 CIU /ml. 

<7> Confirmation of pseudotype Sendai virus's possession of F and 
HN deficient genome 

Western blotting of proteins in cell extract of infected cells 
was carried out to analyze whether the present virus propagated in 

30 VSV-G expressing cells are the F and HN deficient type. As a result, 
F and HN proteins were not detected, whereas proteins derived from 
Sendai virus were detected, confirming that it is F and HN deficient 
type (Figure 39) . 

35 [Example 12] Analysis of virus reconstitution method 
Conventional method> 
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LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 
" cells/dish. After a 24 hour culture, the cells were washed once with 
MEM medium without serum, and then infected with recombinant vaccinia 
virus expressing T7 RN A polymerase (Fuerst, T . R . et al . , Proc. Natl. 
5 Acad. Sci. USA 83, 8122-8126 1986) (vTF7-3) at room temperature for 
1 hour (moi=2) (moi=2 to 3, preferably moi=2 is used) . The virus used 
herein, was pretreated with 3 \iq/ml psoralen and long-wave ultraviolet 
light (365 nm) for 5 min. Plasmids pSeVl8 + /AF-GFP, pGEM/NP, pGEM/P, 
and pGEM/L (Kato, A. et al., Genes cells 1, 569-579(1996)) were 

10 suspended in Opti-MEM medium (GIBCO) at ratio of 12 jug, 4 j^g, 2 jig, 
and 4 ng/dish, respectively. Then, SuperFect transfection reagent 
(1 ng DNA/5 |il, QIAGEN) was added and left to stand at room temperature 
for 15 min and 3 ml Opti-MEM medium containing 3% FBS was added. 
Thereafter, the cells were washed twice with MEM medium without serum, 

15 and DNA-SuperFect mixture was added. After a 3 hr culture, cells were 
washed twice with MEM medium without serum, and cultured 7 0 hours 

in MEM medium containing 40 jig/ml cytosine p-D-arabinof uranoside (AraC, 
Sigma) . Cells and culture supernatant were collected as P0-d3 samples . 
Pellets of P0-d3 were suspended in Opti-MEM medium (10 7 cells/ml) . 

20 They were f reeze-thawed three times and then mixed with lipofection 
reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 ^1 DOSPER) and left 
to stand at room temperature for 15 min. Then, F expressing LLC-MK2/F7 
cells were transfected with the mixture (10 6 cells/well in 24-well 
plate) and cultured with MEM medium without serum (containing 40 |ig/ml 

25 AraC and 7.5 jig/ml trypsin) . Culture supernatants were recovered on 
day 3 and day 7 and were designated as Pl-d3 and Pl-d7 samples. 
<Envelope plasmid + F expressing cells overlaying method> 

Transfection was carried out similarly as described above, 
except that 4 jug/dish envelope plasmid pGEM/FHN was. added. After a 

30 3 hr culture, cells were washed twice with MEM medium without serum, 
and cultured 48 hours in MEM medium containing 40 jig/ml cytosine 
P-D-arabinof uranoside (AraC, Sigma) and 7.5 |ug/ml trypsin. After 
removing the culture supernatant, cells were overlaid with 5 ml cell 
suspension solution of a 100 mm dish of F expressing LLC-MK2/F7 cells 

35 suspended with MEM medium without serum (containing 40 jag/ml AraC 
and 7.5 jag/ml trypsin) . After a 48 hr culture, cells and supernatants 
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were recovered and designated as P0-d4 samples. Pellets of P0-d4 
samples were suspended in Opti-MEM medium (2x 10 7 cells/ml) and 
f reeze-thawed three times. Then F expressing LLC-MK2/F7 cells were 
overlaid with the suspension (2x 10 6 cells/well, 24-well plate) and 
5 cultured in MEM medium without serum (containing 40 ng/ml AraC and 
7.5 |ig/ml trypsin) . Culture supernatants were recovered on day 3 and 
day 7 of the culture, designated as Pl-d3 and Pl-d7 samples, 
respectively. As a control, experiment was carried out using the same 
method as described above, but without overlaying and adding only 

10 the envelope plasmid. 

<CIU (Cell Infectious Units) measurement by counting GFP-expressing 
cells (GFP-CIU)> 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 5 
cells/well, and after 24 hr culture the wells were washed once with 

15 MEM medium without serum. Then, the cells were infected with 100 
jal/well of appropriately diluted samples described above (P0-d3 or 
P0-d4, Pl-d3, and Pl-d7), in which the samples were diluted as 
containing 10 to 100 positive cells in 10 cm 2 . After 15 min, 1 ml/well 
of serum-free MEM medium was added, and after a further 24 hr culture, 

20 cells were observed under fluorescence microscopy to count 
GFP-expressing cells . 

<Measurement of CIU (Cell Infectious Units) > 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 5 
cells/dish and after a 24 hr culture, cells were washed once with 

25 MEM medium without serum. Then, the cells were infected with 100 
jil/well of samples described above, in which the virus vector contained 
is designated as SeV/AF-GFP. After 15 min, 1 ml/well of MEM medium 
without serum was added and cultured for a further 24 hours. After 
the culture, cells were washed with PBS (-) three times and were dried 

30 up by leaving standing at room temperature for approximately 10 min 
to 15 min. To fix cells, 1 ml/well acetone was added and immediately 
removed, and then the cells were dried up again by leaving to stand 
at room temperature for approximately 10 min to 15 min. 300 ^l/well 
of anti-SeV polyclonal antibody (DN-1) prepared from rabbit , 100-fold 

35 diluted with PBS (-) was added to cells were and incubated for 45 
min at 37°C. Then, they were washed three times with PBS (-) and 300 
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|il/well of anti-rabbit IgG (H+L) fluorescence-labeled second antibody 
(Alexa™568, Molecular Probes) , 200-fold diluted with PBS (-) was added 
and incubated for 45 min at 37°C. After washing with PBS (-) three 
times, the cells were observed under fluorescence microscopy 
5 (Emission: 560 nm, Absorption: 645 nm filters, Leica) to find 
florescent cells (Figure 40) . 

As controls, samples described above (SeV/AF-GFP) were infected 
at 100 (il/well, and after 15 min 1 ml/well of MEM without serum was 
added, and after a 24 hr culture, cells were observed under 
10 fluorescence microscopy (Emission: 360 nm, Absorption: 470 nm filters, 
Leica) to find GFP-expressing cells, without the process after the 
culture . 

[Example 13] Evaluation of the most suitable PLWUV (Psoralen and 
15 Long-Wave UV light) treatment conditions for vaccinia virus (vTF7-3) 
for increasing reconstitution efficiency of deficient-type Sendai 
virus vector 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 6 
cells/dish, and after a 24 hr culture, the cells were washed once 
20 with MEM medium without serum. Then, the cells were infected with 
recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al., Proc. Natl. 
Acad. Sci. USA 83, 8122-8126(1986)) expressing T7 RNA polymerase at 
room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 is 

used). The virus used herein, was pretreated with 0.3 to 3 jag/ml 
25 psoralen and long-wave ultraviolet light (365 nm) for 2 to 20 min. 

Plasmids pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al., 
Genes cells 1, 569-579 (1996)) were suspended in Opti-MEM medium 
(GIBCO) at ratio of 12 |ag, 4 |ag, 2 jag, and 4 jag/dish, respectively. 
Then, SuperFect transfection reagent (1 ^ig DNA/5 QIAGEN) was added 

30 and left to stand at room temperature for 15 min and 3 ml Opti-MEM 
medium containing 3% FBS was added. Thereafter, the cells were washed 
twice with MEM medium without serum, and then DNA-SuperFect mixture 
was added. After a 3 hr culture, cells were washed twice with MEM 
medium without serum, and cultured 48 hours in MEM medium containing 

35 40 |ng/ml cytosine p-D-arabinofuranoside (AraC, Sigma) . 
Approximately 1/20 of field of view in 100 mm culture dish was observed 
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by a fluorescence microscope and GFP-expressing cells were counted. 
To test the inactivation of vaccinia virus (vTF7-3) , titer measurement 
by plaque formation (Yoshiyuki Nagai et al., virus experiment 
protocols, p291-296, 1995) was carried out. 
5 Further, fixing the timing of recovery after transfection to 

day 3, psoralen and UV irradiation time were examined. Using vaccinia 
virus (vTF7-3) treated with each PLWUV treatment, reconstitution 
efficiency of Sendai virus was examined. Reconstitution was carried 
out by modifying the method of Kato et al., namely by the procedure 

10 described below. LLC-MK2 cells were seeded onto a 6-well microplate 
at 5x 10 5 cells/well, and after an overnight culture (cells were 
considered to grow to lx 10 6 cells/well) , PBS washed cells were infected 
with diluted vaccinia virus (vTF7-3) at 2x 10 6 pfu/100 jil calibrated 
by titer before PLWUV treatment. After a 1 hour infection, 50 |il of 

15 Opti-MEM medium (GIBCO) was added with 1, 0.5, 1, and 4 jig of plasmid 
pGEM/NP, pGEM/P, pGEM/L, and additional type SeV cDNA (pSeV18 + b 
(+)) (Hasan, M. K. et al., J. General Virology 78 : 2813-2820, 1997), 
respectively. 10 (J.1 SuperFect (QIAGEN) was further added and left 
to stand at room temperature for 15 min. Then, 1 ml of Opti-MEM 

20 (containing 4 0 jig/ml AraC) was added and overlaid onto the cells. 
Cells were recovered 3 days after transfection, then centrifuged and 

suspended in 100 (il/well PBS. The suspension was diluted 10, 100, 
and 1000-fold and 100 (il of resultant cell solution was inoculated 
into embryonated chicken eggs 10 days after fertilization, using 3 

25 eggs for each dilution (lx 10 5 , lx 10 4 and lx 10 3 cells, respectively) . 
After 3 days, allantoic fluid was recovered from the eggs and virus 
reconstitution was examined by HA test. To calculate reconstitution 
efficiency, eggs showing HA activity that were inoculated with lx 
10 5 cells, lx 10 4 cells and lx 10 3 cells, were counted as 1, 10, and 

30 100 point (s), respectively. 
<Results> 

Results of Examples 12 and 13 are shown in Figures 40 to 43, 
and Table 2. The combination of envelope expressing plasmid and cell 
overlay increased the reconstitution efficiency of SeV/AF-GFP. 
35 Notable improvement was obtained in d3 to d4 (day 3 to day4) of P0 
(before subculture) (Figure 41). In Table 2, eggs were inoculated with 
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cells 3 days after transf ection . The highest reconstitution 
efficiency was obtained in day 3 when treated with 0.3 |ig/ml psoralen 
for 20 min. Thus, these conditions were taken as optimal conditions 
(Table 2) . 

Table 2: Effect of PLWUV treatment of vaccinia virus on reconstitution 
of Sendai virus 
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[Example 14] Preparation of LacZ-comprising, F-deficient, 
GFP-non-comprising Sendai virus vector 

Construction of F-deficient type, LacZ gene-comprising SeV vector 
cDNA> 

To construct cDNA comprising LacZ gene at Not I restriction site 
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existing at the upstream region of NP gene of pSeV18 + /AF described 
in Example 1 (pSeV (+18 : LacZ) /AF) , PCR was performed to amplify the 
LacZ gene. PCR was carried out by adjusting LacZ gene to multiples 
of 6 (Hausmann, S et al., RNA 2, 1033-1045 (1996)) and using primer 
5 ( 5 ' -GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA- 3 ' /SEQ ID NO: 
17) comprising Not I restriction site for 5' end, and primer 
( 5 ' -GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTC 
TGACACCAGACCAACTGGTA-3' /SEQ ID NO: 18) comprising transcription 
termination signal of SeV (E) , intervening sequence (I), 

10 transcription initiation signal (S) , and Not I restriction site for 
3' end, using pCMV-p (Clontech) as template. The reaction conditions 
were as follows. 50 ng pCMV-p, 200 yM dNTP (Pharmacia Biotech), 100 
pM primers, 4 U Vent polymerase (New England Biolab) were mixed with 
the accompanying buffer, and 25 reaction temperature cycles of 94 °C 

15 30 sec, 50°C 1 min, 72°C 2 min were used. Resultant products were 
electrophoresed with agarose gel electrophoreses. Then, 3.2 kb 
fragment was cut out and digested with NotI after purification. 
pSeV (+18 : LacZ) /AF was obtained by ligating with NotI digested 
fragment of pSeV18+/AF. 

20 Conventional method> 

LLC-MK2 cells were seeded onto 100 mm culture dish at 5x 10 6 
cells/dish, and after a 24 hour culture, the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 
recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al., Proc. Natl. 

25 Acad. Sci. USA 83, 8122-8126 (1986)) expressing T7 RNA polymerase 
at room temperature for 1 hour (moi=2) (moi=2 to 3, preferably moi=2 

is used) . The virus used herein was pretreated with 3 \xq/ml psoralen 
and long-wave ultraviolet light (365 nm) for 5 min. LacZ comprising, 

F-deficient type Sendai virus vector cDNA (pSeV ( + 18 : LacZ) AF) , 
30 pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al., Genes Cells 1, 569-579 
(1996)) were suspended in Opti-MEM medium (GIBCO) at a ratio of 12 
|ig, 4 jig, 2 \xq r and 4 jug/dish, respectively, 4 p,g/dish envelope plasmid 
pGEM/FHN and SuperFect transfection reagent (1 ng DNA/5 ^il, QIAGEN) 
were added and left to stand at room temperature for 15 min. Then, 
35 3 ml Opti-MEM medium containing 3% FBS was added and the cells were 
washed twice with MEM medium without serum, and then the DNA-SuperFect 
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mixture was added. After a 3 hr culture, cells were washed twice with 
MEM medium without serum, and cultured 24 hours in MEM medium 
containing 40 |ig/ml cytosine (3-D-arabinof uranoside (AraC, Sigma) and 
7.5 )ig/ml trypsin. Culture supernatants were removed and 5 ml of 
5 suspension of a 100 mm culture dish of F expressing LLC-MK2/F7 cells 
in MEM medium without serum (containing 4 0 ^ig/ml AraC and 7.5 fig /ml 
trypsin) was overlaid onto the cells. After further a 48 hr culture, 
the cells and supernatants were recovered and designated as P0-d3 
samples. The P0-d3 pellets were suspended in Opti-MEM medium (2x 10 7 
10 cells/ml) and after 3 times of f reeze-thawing, were mixed with 
lipofection reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 jal 
DOSPER) and left to stand at room temperature for 15 min. Then, F 
expressing LLC-MK2/F7 cells were transfected with the mixture (10 6 
cells/well, 24-well plate) and cultured with MEM medium without serum 

15 (containing 40 jag/ml AraC and 7.5 jig/ml trypsin). The culture 
supernatants were recovered on day 7, and designated as Pl-d7 samples. 
Further, total volumes of supernatants were infected to F expressing 
LLC-MK2/F7 cells seeded onto 12-well plates at 37°C for 1 hour. Then, 
after washing once with MEM medium, the cells were cultured in MEM 

20 medium without serum (containing 40 |ig/ml AraC and 7.5 |ug/ml trypsin) . 
The culture supernatants were recovered on day 7, and were designated 
as P2-d7 samples. Further, total volumes of supernatants were 
infected to F expressing LLC-MK2/F7 cells seeded onto 6-well plates 
at 37 °C for 1 hour. Then, after washing once with MEM medium, the 

25 cells were cultured in MEM medium without serum (containing 7.5 |xg/ml 
trypsin) . The culture supernatants were recovered on day 7, and were 
designated as P3-d7 samples. Further, total volumes of supernatants 
were infected to F expressing LLC-MK2/F7 cells seeded onto 10 cm plates 
at 37 °C for 1 hour. Then, after washing once with MEM medium, the 

30 cells were cultured in MEM medium without serum (containing 40 |ig/ml 
AraC and 7.5 |ug/ml trypsin) . The culture supernatants were recovered 
on day 7, and were designated as P4-d7 samples. 

Measurement of CIU by counting LacZ-expressing cells (LacZ-CIU)> 
LLC-MK2 cells were seeded onto 6-well plate at 2.5x 10 6 
35 cells/well, and after a 24 hr culture, the cells were washed once 
with MEM medium without serum and infected with 1/10 fold serial 
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dilution series of P3-d7 made using MEM medium at 37 °C for 1 hour. 
Then, the cells were washed once with MEM medium and 1.5 ml MEM medium 
containing 10% serum was added. After a three day culture at 37 °C, 
cells were stained with P-Gal staining kit (Invitrogen) . Result of 
5 experiment repeated three times is shown in Figure 44. As the result 
of counting LacZ staining positive cell number, lx 10 6 ClU/ml virus 
was obtained in P3-d7 samples in any case. 

[Example 15] Regulation of gene expression levels using polarity 

10 effect in Sendai virus 

Construction of SeV genomic cDNA> 

Additional NotI sites were introduced into Sendai virus (SeV) 
full length genomic cDNA, namely pSeV(+) (Kato, A. et al., Genes to 
Cells 1: 569-579, 1996) , in between start signal and ATG translation 

15 initiation signal of respective genes. Specifically, fragments of 
pSeV(-h) digested with Sphl/Sall (2645 bp), Clal (3246 bp), and 
Clal/EcoRI. (5146 bp) were separated with agarose gel electrophoreses 
and corresponding bands were cut out and then recovered and purified 
with QIAEXII Gel Extraction System.QIAGEN.as shown in Figure 45(A). 

20 The Sphl/Sall digested fragment, Clal digested fragment, and 
Clal/EcoRI digested fragment were ligated to LITMUS38 (NEW ENGLAND 
BIOLABS), pBluescriptll KS+ (STRATAGENE) , and pBluescriptll KS + 
(STRATAGENE) , respectively, for subcloning. Quickchange 
Site-Directed Mutagenesis kit (STRATAGENE) was used for successive 

25 introduction of NotI sites. Primers synthesized and used for each 
introduction were, sense strand: 

5' -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (SEQ ID NO: 19), 
antisense strand: 5' -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' 
(SEQ ID NO: 20) for NP-P, sense strand: 

30 5' -gaaatttcacctaagcggccgcaatggcagatatctatag-3' (SEQ ID NO: 21), 
antisense strand: 5' -ctatagatatctgccattgcggccgcttaggtgaaatttc-3' 
(SEQ ID NO: 22) for P-M, sense strand: 

5' -gggataaagtcccttgcggccgcttggttgcaaaactctcccc-3' (SEQ ID NO: 23), 
antisense strand: 

35 5' -ggggagagttttgcaaccaagcggccgcaagggactttatccc-3' (SEQ ID NO: 24) 
for M-F, sense strand: 
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5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (SEQ ID NO: 

25) , antisense strand: 
5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcgacc-3' (SEQ ID NO: 

26) for F-HN, sense strand: 
5 5' -cctgcccatccatgacctagcggccgcttcccattcaccctggg-3' (SEQ ID NO: 27) , 

antisense strand: 
5' -cccagggtgaatgggaagcggccgctaggtcatggatgggcagg-3' (SEQ ID NO: 28) 
for HN-L. 

As templates, Sall/SphI fragment for NP-P, Clal fragments for 

10 P-M and M-F, and Clal/EcoRI fragments for F-HN and HN-L, which were 
subcloned as described above were used, and introduction was carried 
out according to the protocol accompanying Quickchange Site-Directed 
Mutagenesis kit. Resultants were digested again with the same enzyme 
used for subcloning, recovered, and purified. Then, they were 

15 assembled to Sendai virus genomic cDNA. As a result, 5 kinds of genomic 
cDNA of Sendai virus (pSeV(+)NPP, pSeV(+)PM, pSeV(+)MF, pSeV(+)FHN, 
and pSeV (+) HNL) in which NotI sites are introduced between each gene 
were constructed as shown in Figure 45 (B) . 

As a reporter gene to test gene expression level, human secreted 

20 type alkaline phosphatase (SEAP) was subcloned by PCR. As primers, 
5' primer: 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcctg-3' (SEQ ID 
NO: 29) and 3' primer: 

5' -gcggcgcgcccttatcatgtctgctcgaagcggccggccg-3' (SEQIDNO: 30) added 
with AscI restriction sites were synthesized and PCR was performed. 

25 pSEAP-Basic (CLONTECH) was used as template and Pfu turbo DNA 
polymerase (STRATAGENE) was used as enzyme. After PCR, resultant 
products were digested with AscI, then recovered and purified by 
electrophoreses. As plasmid for subcloning, .. pBluescriptll KS+ 
incorporated in its NotI site with synthesized double strand DNA [sense 

30 strand: 

5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaaaaacttagggtgaaagt 
tcatcgcggccgc-3' (SEQ ID NO: 31), antisense strand: 
5' -gcggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtt 
taaacgcggccgc-3' (SEQ ID NO: 32)] comprising multicloning site 
35 (Pmel-Ascl-Swal) and termination signal-intervening 

sequence-initiation signal was constructed (Figure 46) . To AscI site 
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of the plasmid, recovered and purified RCR product was ligated and 
cloned. The resultant was digested with NotI and the SEAP gene 
fragment was recovered and purified by electrophoreses to ligate into 
5 types of Sendai virus genomic cDNA and NotI site of pSeV18 + 
5 respectively. The resultant virus vectors were designated as 
pSeV(+)NPP/SEAP, pSeV (+) PM/SEAP, pSeV ( + ) MF/SEAP, pSeV (+) FHN/SEAP, 
pSeV(+)HNL/SEAP, and pSeV18 (+) /SEAP, respectively. 
<Virus reconstitution> 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 2x 10 6 

10 cells/dish, and after 24 hour culture the cells were infected with 
recombinant vaccinia virus ( PLWUV-VacT7 ) (Fuerst, T.R. et al . , Proc. 
Natl. Acad. Sci. USA 83: 8122-8126, 1986, Kato, A. et al., Genes Cells 
1: 569-579, 1996) expressing T7 polymerase for 1 hour (moi=2) at room 
temperature for 1 hour, in which the virus was pretreated with psoralen 

15 andUV. Each Sendai virus cDNA incorporated with SEAP, pGEM/NP, pGEM/P, 
and pGEM/L were suspended in Opti-MEM medium (GIBCO) at ratio of 12 

jig, 4 (ig, 2 |ig, and 4 jag/dish, respectively, 110 ^1 of SuperFect 
transfection reagent (QIAGEN) was added, and left to stand at room 
temperature for 15 min and 3 ml Opti-MEM medium containing 3% FBS 
20 was added. Then, the cells were washed and DNA-SuperFect mixture was 
added. After a 3 to 5 hour culture, cells were washed twice with MEM 
medium without serum, and cultured 72 hours in MEM medium containing 
cytosine p-D-arabinof uranoside (AraC) . These cells were recovered 
and the pellets were suspended with 1 ml PBS, f reeze-thawed three 

25 times . The 100 |ul of resultant was inoculated into chicken eggs, which 
was preincubated 10 days, and further incubated 3 days at 35°C, then, 
allantoic fluid was recovered. The recovered allantoic fluids were 
diluted to 10" 5 to 10" 7 and re-inoculated to chicken eggs to make it 
vaccinia virus-free, then recovered similarly and stocked in aliquots 

30 at -80°C. The virus vectors were designated as SeVNPP/SEAP, 
SeVPM/SEAP, SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/ SEAP, and SeV18/SEAP. 
<Titer measurement by plaque assay> 

CV-1 cells were seeded onto 6-well plates at 5x 10 5 cells/well 
and cultured for 24 hours. After washing with PBS, cells were 

35 incubated 1 hour with recombinant SeV diluted as 10" 3 , 10" 4 , 10~ 5 , 10" 6 
and 10" 7 by BSA/PBS ( 1% BSA in PBS ) , washed again with PBS, then overlaid 
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with 3 ml/well of BSA/MEM/agarose (0.2% BSA + 2x MEM, mixed with 
equivalent volume of 2% agarose) and cultured at 37°C, 0.5% C0 2 for 
6 days. After the culture, 3 ml of ethanol/acetic acid (ethanol : acetic 
acid=l:5) was added and left to stand for 3 hours, then removed with 
5 agarose. After washing three times with PBS, cells were incubated 
with rabbit anti-Sendai virus antibody diluted 100-folds at room 
temperature for 1 hour. Then, after washing three times with PBS, 
cells were incubated with Alexa Flour™ labeled goat anti rabbit 
Ig(G+H) (Molecular Probe) diluted 200-folds at room temperature for 
10 1 hour. After washing three times with £>BS, fluorescence images were 
obtained by lumino-image analyzer LAS1000 (Fuji Film) and plaques 
were measured. Results are shown in Figure 47. In addition, results 
of titers obtained are shown in Table 3. 

15 Table 3: Results of titers of each recombinant Sendai virus measured 
from results of plaque assay 



Recombinant virus Titer (pfu/ml) 



SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/SEAP 


7.0X109 


SeVHNL/SEAP 


7.1X109 



20 <Comparison of reporter gene expression> 

LLC-MK2 cells were seeded onto a 6-well plate at 1 to 5x 10 5 
cells/well and after a 24 hour culture, each virus vector was infected 
at moi=2 . After 24 hours, 100 )il of culture supernatants was recovered 
and SEAP assay was carried out. Assay was accomplished with Reporter 

25 Assay Kit -SEAP- (Toyobo) and measured by lumino-image analyzer 
LAS1000 (Fuji Film) . The measured values were indicated as relative 
values by designating value of SeV18 + /SEAP as 100. As a result, SEAP 
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activity was detected regardless of the position SEAP gene was inserted, 
indicated in Figure 48. SEAP activity was found to decrease towards 
the downstream of the genome, namely the expression level decreased. 
In addition, when SEAP gene is inserted in between NP and P genes, 
5 an intermediate expression level was detected, in comparison to when 
SEAP gene is inserted in the upstream of NP gene and when SEAP gene 
is inserted between P and M genes. 

[Example 16] Increase of propagation efficiency of deficient SeV by 

10 double deficient AF-HN overlay method 

Since the SeV virus reconstitution method used now utilizes a 
recombinant vaccinia virus expressing T7 RNA polymerase (vTF7-3), 
a portion of the infected cells is killed by the cytotoxicity of the 
vaccinia virus. In addition, virus propagation is possible only in 

15 a portion of cells and it is preferable if virus propagation could 
be done efficiently and persistently in a more cells. However, in 
the case of paramyxovirus, cell fusion occurs when F and HN protein 
of the same kind virus exists on the cells surface at the same time, 
causing syncytium formation (Lamb and Kolakofsky, 1996, Fields 

20 virology, pll89) . Therefore, FHN co-expressing cells were difficult 
to subculture. Therefore, the inventors thought that recovery 
efficiency of deficient virus may increase by overlaying helper cells 
expressing deleted protein (F and HN) to the reconstituted cells. 
By examining overlaying cells with different times of FHN expression, 

25 virus recovery efficiency of FHN co-deficient virus was notably 
increased. 

LLC-MK2 cells (lx 10 7 cells/dish) grown to 100% confluency in 
10 cm culture dishes was infected with PLWUV-treated vaccinia virus 
at moi=2 for 1 hour at room temperature. After that, mixing 12 |ag/10 

30 cm dish, 4 )ag/10 cm dish, 2 )ig/10 cm dish, 4 |ig/10 cm dish, and 4 jig/10 
cm dish of FHN-def icient cDNA comprising d2EGFP (pSeV18 + /AFHN-d2GFP 
(Example 8)), pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN, respectively 
(3 ml/lOcm dish as final volume) , and using gene introduction reagent 
SuperFect (QIAGEN) , LLC-MK2 cells were introduced with genes using 

35 a method similar to that as described above for the reconstitution 
of F-deficient virus. After 3 hours, cells were washed three times 
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with medium without serum, then, the detached cells were recovered 
by slow-speed centrif ugation (1000 rpm/2 min) and suspended in serum 
free MEM medium containing 40 |ig/ml AraC (Sigma) and 7.5 |ig/ml trypsin 
(GIBCO) and added to cells and cultured overnight. FHN co-expressing 
5 cells separately prepared, which were 100% confluent 10 cm culture 
dishes, were induced with adenovirus AxCANCre at MOI=10, and cells 
at 4 hours, 6 hours, 8 hours, day 2, and day 3 were washed once with 
5mlPBS(-) and detached by cell dissociation solution (Sigma). Cells 
were collected by slow speed centrif ugation (1000 rpm/2 min) and 

10 suspended in serum free MEM medium containing 4 0 (ig/ml AraC (Sigma) 
and 7.5 ng/ml trypsin (GIBCO) . This was then added to cells in which 
FHN co-deficient virus was reconstituted (P0) and cultured overnight. 
Two days after overlaying the cells, cells were observed using 
fluorescence microscopy to confirm the spread of virus by GFP 

15 expression within the cells . The results are shown in Figure 49 . When 
compared to the conventional case (left panel) without overlaying 
with cells, notably more GFP-expressing cells were observed when cells 
were overlaid with cells (right) . These cells were recovered, 
suspended with 10 7 cells/ml of Opti-MEM medium (GIBCO) and 

20 f reeze-thawed for three times to prepare a cell lysate. Then, FHN 
co-expressing cells 2 days after induction were infected with the 
lysate at 10 6 cells/100 jal/well, and cultured 2 days in serum free 
MEM medium containing 40 ^g/ml AraC (Sigma) and 7.5 jig/ml trypsin 
(GIBCO) at 37 °C in a 5% C0 2 incubator, and the virus titer of culture 

25 supernatant of PI cells were measured by CIU-GFP (Table 4 ) . As a result, 
no virus amplification effect was detected 4 hours after FHN induction, 
and notable amplification effects were detected 6 hours or more after 
induction due to cell overlaying. Especially, viruses released into 
PI cell culture supernatant were 10 times more after 6 hours when 

30 cell overlaying was done compared to when cell overlaying was not 
done . 

Table 4: Amplification of deficient SeV by double deficient AF-HN 
cell overlay method 

35 
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GFP -CIU 




FHNcell+ad/cre 



FHN cell- 



4h 



6h 



8h 



2d 



3d 



8-10 



6-9 



80-100 



70-100 



60-100 



20-50 



[Example 17] Confirmation of pseudotype Sendai virus's possession 
of F-deficient genome 

Western analysis of proteins of extracts of infected cells was 
5 carried out to confirm that the virus propagated by VSV-G gene 
expression described above is F-deficient type . As a result, proteins 
derived from Sendai virus were detected, whereas F protein was not 
detected, confirming that the virus is F-deficient type (Figure 50) . 

10 [Example 18] Effect of anti-VSV antibody on infectiousness of 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
To find out whether pseudotype Sendai virus comprising F and 
HN gene-deficient genome, which was obtained by using VSV-G 
expressing line, comprises VSV-G protein in its capsid, neutralizing 

15 activity of whether or not infectiousness is affected was examined 
using anti-VSV antibody. Virus solution and antibody were mixed and 
left to stand for 30 min at room temperature. Then, LLCG-L1 cells 
in which VSV-G expression has not been induced were infected with 
the mixture and gene-introducing capability on day 4 was analyzed 

20 by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by anti-VSV antibody in the 
pseudotype Sendai virus comprising F and HN gene-deficient genome 
(VSV-G in the Figure) , whereas no inhibition was detected in Sendai 
virus comprising proper capsid (F, HN in the Figure) (Figure 51) . 

25 Thus, the virus obtained in the present example was proven to be 
pseudotype Sendai virus comprising VSV-G protein as its capsid, and 
that its infectiousness can be specifically inhibited by the antibody. 

[Example 19] Purification of pseudotype Sendai viruses comprising 
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F gene-deficient and F and HN gene-deficient genomes by density 
gradient ultracentrif ugation 

Using culture supernatant of virus infected cells, sucrose 
density gradient centrifugation was carried out, to fractionate and 
5 purify pseudotype Sendai virus comprising deficient genomes of F gene 
and F and HN genes'. Virus solution was added onto a sucrose solution 
with a 20 to 60% gradient, then ultracentrif uged for 15 to 16 hours 
at 29000 rpm using SW41 rotor (Beckman) . After ultracentrif ugation, 

a hole was made at the bottom of the tube, then 300 |il fractions were 
10 collected using a fraction collector. For each fraction, Western 
analysis were carried out to test that the virus is a pseudotype Sendai 
virus comprising a genome deficient in F gene or F and HN genes, and 
VSV-G protein as capsid. Western analysis was accomplished by the 
method as described above. As a result, in F-deficient pseudotype 
15 Sendai virus, proteins derived from the Sendai virus, HN protein, 
and VSV-G protein were detected in the same fraction, whereas F protein 
was not detected, confirming that it is a F-deficient pseudotype Sendai 
virus. On the other hand, in F and HN-deficient pseudotype Sendai 
virus, proteins derived from Sendai virus, and VSV-G protein were 
20 detected in the same fraction, whereas F and HN protein was not detected, 
confirming that it is F and HN deficient pseudotype Sendai virus 
(Figure 52) . 

[Example 20] Overcoming of haemagglutination by pseudotype Sendai 
25 virus comprising F gene-deficient and F and HN gene-deficient genomes 
LLC-MK2 cells were infected with either pseudotype Sendai virus 
comprising F gene-deficient or F and HN gene-deficient genome, or 
Sendai virus with normal capsid, and on day 3, 1% avian red blood 
cell suspension was added, and left to stand for 30 min at 4°C. 
30 Thereafter, cell surface of infected cells expressing GFP were 
observed. As a result, for virus with F gene-deficient genome and 
F-deficient pseudotype Sendai virus (SeV/AF, and pseudotype 
SeV/AF (VSV-G) by VSV-G) , agglutination reaction was observed on the 
surface of infected cells, as well as for the Sendai virus with the 
35 original capsid. On the other hand, no agglutination reaction was 
observed on the surface of infected cells for pseudotype Sendai virus 
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comprising F and HN gene-deficient genome (SeV/AF-HN (VSV-G) ) (Figure 
53) . 

[Example 21] Infection specificity of VSV-G pseudotype Sendai virus 
5 comprising F gene-deficient genome to cultured cells 

Infection efficiency of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells was measured 
by the degree of GFP expression in surviving cells 3 days after 
infection using flow cytometry. LLC-MK2 cells showing almost the same 

10 infection efficiency in pseudotype Sendai virus comprising F 
gene-deficient genome and Sendai virus with original capsid were used 
as controls for comparison. As a result, no difference in infection 
efficiency was found in human ovary cancer HRA cells, whereas in Jurkat 
cells of T cell lineage about 2-fold increase in infection efficiency 

15 of VSV-G pseudotype Sendai virus comprising F gene-deficient genome 
was observed compared to controls (Figure 54) . 

[Example 22] Construction of F-deficient type Sendai virus vector 
comprising NGF 

20 <Reconstitution of NGF/SeV/AF> 

Reconstitution of NGF/SeV/AF was accomplished according to the 
above described "Envelope plasmid + F expressing cells overlaying 
method' 7 . Measurement of titer was accomplished by a method using 
anti-SeV polyclonal antibody. 

25 <Conf irmation of virus genome of NGF/SeV/AF (RT-PCR)> 

To confirm NGF/SeV/AF virus genome (Figure 55, upper panel), 
culture supernatant recovered from LLC-MK2 / F7 cells were centrifuged, 
and RNA was extracted using QIAamp Viral RNA mini kit. QIAGEN. according 
to the manufacturer's protocol. Using the RNA template, synthesis 

30 and PCR of RT-PCR was carried out using SUPERSCRIPT™ ONE-STEP™ RT-PCR 
SYSTEM (GIBCO BRL) . As control groups, additional type SeV cDNA 
(pSeV18 + b( + ) ) (Hasan, M. K. et al. , J. General Virology 78: 2813-2 82 0, 
1997) was used. NGF-N and NGF-C were used as PCR primers. For NGF-N, 
forward: ACTTGCGGCCGCCAAAGTTCAGTAATGTCCATGTTGTTCTACACTCTG (SEQ ID 

35 NO: 33), and for NGF-C, reverse: 

ATCCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGC 
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CTTCCTGC (SEQ ID NO: 34) were used. As a result, when NGF-N and NGF-C 
were used as primers, an NGF specific band was detected for NGF/SeV/AF 
in the RT conditions. No band was detected for the control group 
(Figure 55, bottom panel) . 

5 

[Example 23] NGF protein quantification and measurement of in vitro 
activity expressed after infection of F-def icient type SeV comprising 
NGF gene 

Infection and NGF protein expression was accomplished using 

10 LLOMK2/F or LLC-MK2 cells grown until almost confluent on culture 
plates of diameter of 10 cm or 6 cm. NGF/SeV/AF and NGF/ SeV/AF-GFP 
were infected to LLC-MK2/F cells, and NGF/SeV and GFP/SeV were infected 
to LLC-MK2 cells at m.o.i 0.01, and cultured 3 days with MEM medium 
without serum, containing 7.5 ng/ml trypsin (GIBCO) . After the 3 day 

15 culture, in which almost 100% of cells are infected, medium was changed 
to MEM medium without trypsin and serum and further cultured for 3 
days. Then, each culture supernatant were recovered and centrifuged 
at 48, 000x g for 60 min. Then, quantification of NGF protein and 
measurement of in vitro activity for the supernatant were carried 

20 out. Although in the present examples, F-def icient type SeV 
(NGF/SeV/AF, NGF/SeV/AF-GFP) (see Figure 55) are infected to LLC-MK2/F 
cells, if infected with a high m.o.i. (e.g. 1 or 3) , namely, infected 
to cells that are nearly 100% confluent from the beginning, experiment 
giving similar results can be performed using F non-expressing cells. 

25 For NGF protein quantif ication, ELISA kit NGF Emax Immuno Assay 

System (Promega) and the accompanying protocol were used . 32.4|ig/ml, 
37 . 4 ng/ml, and 10 . 5 jug/ml of NGF protein were detected in NGF/SeV/AF, 
NGF/SeV/AF-GFP, and NGF/ SeV infected cell culture supernatant, 
respectively. In the culture supernatant of NGF/SeV/AF and 

30 NGF/SeV/AF-GFP infected cells, high concentration of NGF protein 
exists, similar to culture supernatant of NGF/SeV infected cells, 
confirming that F-deficient type SeV expresses enough NGF. 

The measurement of in vitro activity of NGF protein was 
accomplished by using a dissociated culture of primary chicken dorsal 

35 root ganglion (DRG; a sensory neuron of chicken) using survival 
activity as an index (Nerve Growth Factors (Wiley, New York), pp. 95-109 
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(1989) ) . Dorsal root ganglion was removed from day 10 chicken embryo, 
and dispersed after 0.25% trypsin (GIBCO) treatment at 37°C for 20 
min. Using high-glucose D-MEM medium containing 100 units/ml 
penicillin (GIBCO), 100 units/ml streptomycin (GIBCO), 250 ng/ml 

5 amphotericin B (GIBCO) 20 jjM 2-deoxyuridine (Nakarai), 20 |iM 
5-f luorodeoxyuridine (Nakarai), 2 mM L-glutamine (Sigma), and 5% 
serum, cells were seeded onto 96-well plate at about 5000 cells/well. 
Polylysin precoated 96-well plates (Iwaki) were further coated with 
laminin (Sigma) before use. At the start point, control NGF protein 

10 or previously prepared culture supernatant after SeV infection was 
added. After 3 days, cells were observed under a microscope as well 
as conducting quantification of surviving cells by adding Alamer blue 
(CosmoBio) and using the reduction activity by mitochondria as an 
index (measuring 590 nm fluorescence, with 530 nm excitation) . 

15 Equivalent fluorescence signals were obtained in control (without 
NGF addition) and where 1/1000 diluted culture supernatant of cells 
infected with SeV/additional-type-GFP (GFP/SeV) was added, whereas 
the addition of 1/1000 diluted culture supernatant of cells infected 
with NGF/SeV/AF, NGF/SeV/AF-GFP, and NGF/SeV caused a notable 

20 increase in fluorescence intensity, and was judged as comprising a 
high number of surviving cells and survival activity (Figure 56) . 
The value of effect was comparable to the addition of amount of NGF 
protein calculated from ELISA. Observation under a microscope proved 
a similar effect. Namely, by adding culture supernatant of cells 

25 infected with NGF/SeV/AF, NGF/ SeV/AF-GFP, and NGF/ SeV, increase in 
surviving cells and notable neurite elongation was observed (Figure 
57) . Thus, it was confirmed that NGF expressed after infection of 
NGF-comprising F-deficient type SeV is active form. 

30 [Example 24] Detailed analysis of F-expressing cells 

1. moi and induction time course of Adeno-Cre 

By using different moi of Adeno-Cre, LLC-MK2/F cells were 

infected and after induction of F protein, the amount of protein 

expression and the change in cell shape were analyzed. 
35 Expression level was slightly higher in moi=10 compared with 

moi=l (Figure 58) . When expression amounts were analyzed at time 
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points of 6 h, 12 h, 24. h, and 48 h after induction, high expression 
level of F protein at 48 h after induction was detected in all cases. 

In addition, changes in cell shape were monitored in a time 
course as cells were infected with moi=l, 3, 10, 30, and 100. Although 
5 a notable difference was found up to moi=10, cytotoxicity was observed 
for moi=30 or over (Figure 59) . 
2. Passage number 

After induction of F protein to LLC-MK2/F cells using Adeno-Cre, 
cells were passaged 7 times and expression level of F protein and 
10 the morphology of the cells were analyzed using microscopic 
observation. On the other hand, laser microscopy was used for analysis 
of intracellular localization of F protein after induction of F protein 
in cells passaged until the 20 th generation. 

For laser microscopic observation, LLC-MK2/F cells induced with 
15 F protein expression were put into the chamber glass and after 
overnight culture, media were removed and washed once with PBS, then 
fixed with 3.7% Formalin-PBS for 5 min. Then after washing cells once 
with PBS, cells were treated with 0.1% Triton X100-PBS for 5 min, 

and treated with anti-F protein monoclonal antibody (y-236) (1/100 
20 dilution) and FITC labeled goat anti-rabbit IgG antibody (1/200 
dilution) in this order, and finally washed with PBS and observed 
with a laser microscope. 

As a result, no difference was found in F protein expression 
levels in cells passaged up to 7 times (Figure 60) . No notable 
25 difference was observed in morphological change, infectiousness of 
SeV, and productivity. On the other hand, when cells passaged up to 
20 times were analyzed for intracellular localization of F protein 
using the immuno-antibody method, no big difference was found up to 
15 passages, but localization tendency of F protein was observed in 
30 cells passaged more than 15 times (Figure 61) . 

Taken together, cells before 15 passages are considered 
desirable for the production of F-deficient SeV. 

[Example 25] Correlation between GFP-CIU and anti-SeV-CIU 
35 Correlation of the results of measuring Cell- Infected Unit (CIU) 

by two methods was analyzed. LLC-MK2 cells were seeded onto a 12-well 
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plate at 2x 10 5 cells/dish, and after a 24 hour culture, cells were 
washed once with MEM medium without serum, and infected with 100 

(il/well SeV/AF-GFP. After 15 min, 1 ml/well serum-free MEM medium 
was added and further cultured for 24 hours. After the culture, cells 
5 were washed three times with PBS(-) and dried up (left to stand for 
approximately 10 to 15 min at room temperature) and 1 ml/well acetone 
was added to fix cells and was immediately removed. Cells were dried 
up again (left to stand for approximately 10 to 15 min at room 
temperature) . Then, 300 jal/well of anti-SeV polyclonal antibody 
10 (DN-1) prepared from rabbits and diluted 1/100 with PBS(-) was added 
to cells and incubated at 37 °C for 45 min and washed three times with 

PBS(-). Then, to the cells, 300 jil/well of anti-rabbit IgG (H+D) 
fluorescence-labeled second antibody (Alex™ 568, Molecular Probes) 
diluted 1/200 with PBS(-) was added, and incubated at 37 °C for 45 
15 min and washed three times with PBS (-) . Then, cells with fluorescence 
were observed under fluorescence microscopy (Emission: 560 nm, 
Absorption: 645 nm, Filters: Leica) . 

As a control, cells were infected with 100 |ul/well of SeV/AF-GFP 
and after 15 min, 1 ml/well of MEM without serum was added. After 
20 a further 24 hour culture, GFP-expressing cells were observed under 
fluorescence microscopy (Emission: 360 nm, Absorption: 470 nm, 
Filters: Leica) without further manipulations. 

A Good correlation was obtained by evaluating the fluorescence 
intensity by quantification (Figure 62) . 

25 

[Example 26] Construction of multicloning site 

A multicloning site was added to the SeV vector . The two methods 
used are listed below. 

1. Several restriction sites in full-length genomic cDNA of Sendai 
30 virus (SeV) and genomic cDNA of pSeV18 + were disrupted, and another 

restriction site comprising the restriction site disrupted was 
introduced in between start signal and ATG translation initiation 
signal of each gene. 

2. Into already constructed SeV vector cDNA, multicloning site 
35 sequence and transcription initiation signal - intervening sequence- 
termination signal were added and incorporated into NotI site. 
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In the case of method 1, as an introducing method, Eagl-digested 
fragment (2644 bp), Clal-digested fragment (3246 bp), 
Clal/EcoRI-digested fragment (5146 bp), and EcoRI-digested fragment 
(5010 bp) of pSeV18 + were separated by agarose electrophoreses and 
5 the corresponding bands were cut out, then it was recovered and 
purified by QIAEXII Gel Extraction System (QIAGEN) . Eagl-digested 
fragment was ligated and subcloned into LITMUS38 (NEW ENGLAND BIOLABS) 
and Clal-digested fragment, Clal/EcoRI-digested fragment, and 
EcoRI-digested fragment were ligated and subcloned into pBluescriptll 

10 KS+ (STRATAGENE) . Quickchange Site-Directed Mutagenesis kit 
(STRATAGENE) was used for successive disruption and introduction of 
restriction sites . 

For disruption of restriction sites, Sal I: (sense strand) 
5' -ggagaagtctcaacaccgtccacccaagataatcgatcag-3' (SEQ ID NO: 35), 

15 (antisense strand) 5' -ctgatcgattatcttgggtggacggtgttgagacttctcc-3' 
(SEQ ID NO: 36), Nhe I: (sense strand) 

5' -gtatatgtgttcagttgagcttgctgtcggtctaaggc-3' (SEQ ID NO: 37), 
(antisense strand) 5' -gccttagaccgacagcaagctcaactgaacacatatac-3' 
(SEQ ID NO: 38), Xho I: (sense strand) 

20 5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3' (SEQ ID NO: 39), 
(antisense strand) 
5' -ccaggtaactctttagtgactccagcctctctagagagttcattg-3' (SEQ ID NO: 40) , 
and for introducing restriction sites, NP-P: (sense strand) 
5' -gtgaaagttcatccaccgatcggctcactcgaggccacacccaaccccaccg-3' (SEQ ID 

25 NO: 41), (antisense strand) 

5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3' (SEQ ID 
NO: 42), P-M: (sense strand) 

5' -cttagggtgaaagaaatttcagctagcacggcgcaatggcagatatc-3' (SEQ ID NO: 

43) , (antisense strand) 
30 5' -gatatctgccattgcgccgtgctagctgaaatttctttcaccctaag-3' (SEQ ID NO: 

44) , M-F: (sense strand) 
5' -cttagggataaagtcccttgtgcgcgcttggttgcaaaactctcccc-3' (SEQ ID 
NO:45), (antisense strand) 
5' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3' (SEQ ID NO: 

35 46), F-HN: (sense strand) 

5' -ggtcgcgcggtactttagtcgacacctcaaacaagcacagatcatgg-3' (SEQ ID 
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NO:47), (antisense strand) 

5' -ccatgatctgtgcttgtttgaggtgtcgactaaagtaccgcgcgacc-3' (SEQ ID 
NO:48), HN-L: (sense strand) 

5' -cccagggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3' (SEQ ID 
5 NO: 49) , (antisense strand) 

5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3' (SEQ ID 
NO: 50), were synthesized and used for the reaction. After 
introduction, each fragment was recovered and purified similarly as 
described above, and cDNA were assembled. 

10 In the case of method 2, (sense strand) 

5' -ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataagaaaaacttagggtga 
aagttcatcac-3' (SEQ ID NO: 51), (antisense strand) 
5' -ggccgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaacc 
gttaattaagc-3' (SEQ ID NO: 52), were synthesized, and after 

15 phosphorylation, annealed by 85°C 2 min, 65°C 15 min, 37°C 15 min, 
and room temperature 15 min to incorporate into SeV cDNA. 
Alternatively, multicloning sites of pUC18 or pBluescriptll , or the 
like, are subcloned by PCR using primers comprising termination signal 
- intervening sequence - initiation signal and then incorporate the 

20 resultant into SeV cDNA. The virus reconstitution by resultant cDNA 
can be performed as described above. 

Industrial Applicability 

The present invention provided Paramyxoviridae virus-derived 
25 RNP deficient in at least one envelope gene, and the utilization 
thereof as a vector. As a preferable embodiment, vectors comprising 
a complex of RNP and a cationic compound are provided. By applying 
present invention, antigenicity and/or cytotoxicity problems can be 
avoided when introducing vectors into target cells. 
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CLAIMS 

1. A complex comprising (a) a negative-strand single-stranded RNA 
derived from a paramyxovirus, wherein said RNA is modified so as not 

5 express at least one of the envelope proteins of Paramyxoviridae 
viruses, and (b) a protein encoded by and binding to said 
negative-strand single-stranded RNA. 

2. A complex according to claim 1, wherein said negative-strand 
single-stranded RNA is modified so as to express NP, P and L proteins, 

10 but not F, HN or M proteins, or any combination thereof. 

3. A complex according to claim 1 or 2, wherein said negative-strand 
single-stranded RNA derives from the Sendai virus. 

4. A complex according to any of claims 1 through 3, wherein said 
negative-strand single-stranded RNA further encodes a foreign gene. 

15 5. A composition for gene transfer, comprising a complex according 
to claim 4 and a cationic lipid. 

6. A composition for gene transfer, comprising a complex according 
to claim 4 and a cationic polymer. 

7. A method for expressing a foreign gene in a cell, comprising the 
20 step of introducing the composition for gene transfer according to 

claim 5 or 6 into a cell. 
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ABSTRACT 



A functional RNP containing negative-strand single-stranded 
RNA derived from Sendai virus , which has been modified so as not to 
express any envelope protein, has been successfully prepared. An RNP 
comprising a foreign gene is prepared and inserted into a cell with 
the use of a cationic liposome, thereby successfully expressing the 
foreign gene. 
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